
ɯʅʉʊʀʊʋʊ ʊɽʃɽʂʆʄʋʅɯʂɸʎɯʁ  

ɯ ɻʃʆɹɸʃʔʅʆɻʆ ɯʅʌʆʈʄɸʎɯʁʅʆɻʆ ʇʈʆʉʊʆʈʋ  

ʅɸʎɯʆʅɸʃʔʅʆɰ ɸʂɸɼɽʄɯɰ ʅɸʋʂ ʋʂʈɸɰʅʀ  

 

ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ  

ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ 

 

ɻʦʨʣʠʥʩʴʢʠʡ ɹʦʨʠʩ ɺʽʢʪʦʨʦʚʠʯ  

 

ʋɼʂ 004.415.3: 004.7(043) 

ɼʀʉɽʈʊɸʎɯʗ 

 

ʄɽʊʆɼʀ ɿɸɹɽɿʇɽʏɽʅʅʗ ɼʆʉʊʆɺɯʈʅʆʉʊɯ ɯʅʌʆʈʄɸʎɯɰ ɺ 

ɹɽɿʇʈʆɺʆɼʆɺʀʍ ɿɸʉʆɹɸʍ ʇɽʈɽɼɸʏɯ ɼɸʅʀʍ ɿɸ ʈɸʍʋʅʆʂ 

ɸɼɸʇʊʀɺʅʆɻʆ ʂʆɼʋɺɸʅʅʗ 

 

05.13.06 ï ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ 

05 ʊʝʭʥʽʯʥʽ ʥʘʫʢʠ 

 

ʇʦʜʘʻʪʴʩʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʢʘʥʜʠʜʘʪʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ 

 

ɼʠʩʝʨʪʘʮʽʷ ʤʽʩʪʠʪʴ ʨʝʟʫʣʴʪʘʪʠ ʚʣʘʩʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʽʜʝʡ, 

ʨʝʟʫʣʴʪʘʪʽʚ ʽ ʪʝʢʩʪʽʚ ʽʥʰʠʭ ʘʚʪʦʨʽʚ ʤʘʶʪʴ ʧʦʩʠʣʘʥʥʷ ʥʘ ʚʽʜʧʦʚʽʜʥʝ ʜʞʝʨʝʣʦ                                       

.                      ɹ.ɺ. ɻʦʨʣʠʥʩʴʢʠʡ  

 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ 

ɿʘʡʮʝʚ ʉʝʨʛʽʡ ɺʘʩʠʣʴʦʚʠʯ, 

ʜʦʢʪʦʨ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

 

 

ʂʠʾʚ ï 2019 



2 

ɸʅʆʊɸʎɯʗ 

ɻʦʨʣʠʥʩʴʢʠʡ ɹ.ɺ. ʄʝʪʦʜʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʚ 

ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʟʘʩʦʙʘʭ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʟʘ ʨʘʭʫʥʦʢ ʘʜʘʧʪʠʚʥʦʛʦ ʢʦʜʫʚʘʥʥʷ. ï 

ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ.  

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʢʘʥʜʠʜʘʪʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 05.13.06 çɯʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾè. ï ɯʥʩʪʠʪʫʪ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʽ 

ʛʣʦʙʘʣʴʥʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʨʦʩʪʦʨʫ ʅʘʮʽʦʥʘʣʴʥʦʾ ʘʢʘʜʝʤʽʾ ʥʘʫʢ ʋʢʨʘʾʥʠ, 

ʂʠʾʚ, 2020. 

ɼʠʩʝʨʪʘʮʽʷ ʧʨʠʩʚʷʯʝʥʘ ʜʦʩʣʽʜʞʝʥʥʶ ʘʢʪʫʘʣʴʥʠʭ ʧʨʦʙʣʝʤ ʙʝʟʧʨʦʚʦʜʦʚʠʭ 

ʟʘʩʦʙʽʚ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ (ɹɿʇɼ), ʾʭ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʪʘ ʧʽʜʚʠʱʝʥʥ ʁ

ʝʬʝʢʪʠʚʥʦʩʪʽ ɹɿʇɼ ʚ ʫʤʦʚʘʭ ʚʧʣʠʚʫ ʟʘʚʘʜ ʯʝʨʝʟ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ 

ʽʥʬʦʨʤʘʮʽʾ ʟʘ ʨʘʭʫʥʦʢ ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʽʚ ʥʘ ʦʩʥʦʚʽ ʘʜʘʧʪʠʚʥʦʛʦ ʢʦʜʫʚʘʥʥʷ ʪʘ ʾʭ 

ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ɺ ʧʝʨʰʦʤʫ ʨʦʟʜʽʣʽ ʜʠʩʝʨʪʘʮʽʡʥʦ ʾʨʦʙʦʪʠ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʩʫʯʘʩʥʠʡ ʩʪʘʥ ʡ 

ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ɹɿʇɼ, ʦʩʥʦʚʥ ̔ ʬʘʢʪʦʨʠ, ʱʦ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʥʠʞʝʥʥʷ 

ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʚ ɹɿʇɼ, ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʽʩʥʫʶʯ ̔ ʤʝʪʦʜʠ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʚ ɹɿʇɼ ʪʘ ʧʦʩʪʘʚʣʝʥʽ ʟʘʚʜʘʥʥ,̫ ʷʢʽ 

ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ ʚ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ. 

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʡ ʧʝʨʩʧʝʢʪʠʚ ʨʦʟʚʠʪʢʫ ɹɿʇɼ ʚʠʷʚʠʚ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚ ʥʠʭ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʾʭ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘ ʨʘʭʫʥʦʢ ʨʦʟʨʦʙʢʠ ʚʽʜʧʦʚʽʜʥʠʭ ʤʝʪʦʜʽʚ ʥʘ ʦʩʥʦʚʽ 

ʘʜʘʧʪʠʚʥʦʛʦ ʢʦʜʫʚʘʥʥʷ, ʪʘ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʽʟʫ ʦʩʥʦʚʥʠʭ ʬʘʢʪʦʨʽʚ, ʱʦ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʥʠʞʝʥʥʷ 

ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʚ ɹɿʇɼ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘʡʙʽʣʴʰ ʽʩʪʦʪʥʠʡ 

ʚʧʣʠʚ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʝʨʝʜʘʥʠʭ ʩʠʛʥʘʣʽʚ ʟʜʽʡʩʥʶʶʪʴ ʰʚʠʜʢʽ ʩʝʣʝʢʪʠʚʥʽ 

ʟʘʚʤʠʨʘʥʥʷ ʚ ʢʘʥʘʣʽ ʪʘ ʧʦʪʫʞʥʽ ʧʨʠʨʦʜʥʽ ʪʘ ʥʘʚʤʠʩʥʽ ʟʘʚʘʜʠ, ʷʢʽ ʷʚʣʷʶʪʴ 

ʦʙʤʝʞʝʥʠʡ ʧʦ ʩʤʫʟʽ ʯʘʩʪʦʪ ʘʜʠʪʠʚʥʠʡ ʙʽʣʠʡ ʛʘʫʩʽʚʩʴʢʠʡ ʰʫʤ (ɸɹɻʐ) ʟ 

ʧʽʜʚʠʱʝʥʠʤ ʨʽʚʥʝʤ ʩʧʝʢʪʨʘʣʴʥʦʾ ʱʽʣʴʥʦʩʪʽ ʧʦʪʫʞʥʦʩʪʽ.  

ɸʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʚ ɹɿʇɼ 

ʧʦʢʘʟʘʚ, ʱʦ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʥʘʧʨʷʤʘʤʠ ʧʽʜʚʠʱʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʻ 
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ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʜʘʧʪʠʚʥʠʭ ʩʠʩʪʝʤ, ʢʦʜʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʥʘ ʦʩʥʦʚʽ ʪʫʨʙʦ ʢʦʜʽʚ, 

ʢʦʜʽʚ ɹʦʫʟʘ-ʏʦʫʜʭʫʨʠ-ʍʦʢʚʠʥʛʝʤʘ (ɹʏʍ), ʢʦʜʽʚ ʍʝʤʽʥʛʘ, ʪʝʭʥʦʣʦʛʽʡ 

ʨʦʟʰʠʨʝʥʥʷ ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʫ ʪʘ ʪʝʭʥʦʣʦʛʽʾ MIMO (Multiple Input ï Multiple 

Output). 

ʊʘʢʠʤ ʯʠʥʦʤ, ʘʥʘʣʽʟ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʡ ʧʝʨʩʧʝʢʪʠʚ ʨʦʟʚʠʪʢʫ ɹɿʇɼ ʪʘ 

ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ɹɿʇɼ ʧʦʢʘʟʘʚ, ʱʦ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʢʦʤ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ 

ʽʥʬʦʨʤʘʮʽʾ ʚ ʫʤʦʚʘʭ ʚʧʣʠʚʫ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʟʘʚʘʜ ʻ ʨʦʟʨʦʙʢʘ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʚʽʜʧʦʚʽʜʥʠʭ ʤʝʪʦʜʽʚ ʥʘ ʦʩʥʦʚʽ ʘʜʘʧʪʠʚʥʦʛʦ ʢʦʜʫʚʘʥʥʷ. 

ɺ ʜʨʫʛʦʤʫ ʨʦʟʜʽʣʽ ʬʦʨʤʘʣʽʟʦʚʘʥʦ ʧʨʦʮʝʩ ʘʜʘʧʪʠʚʥʦʾ ʟʤʽʥʠ ʩʪʨʫʢʪʫʨʠ 

ʢʦʜʽʚ ɹɿʇɼ ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʛʦ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ 

ʽʥʬʦʨʤʘʮʽʾ ʚ ɹɿʇɼ ʥʘ ʦʩʥʦʚʽ ʘʜʘʧʪʘʮʽʾ ʢʦʜʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ʉʫʪʥʽʩʪʴ ʤʝʪʦʜʫ 

ʧʦʣʷʛʘʻ ʫ ʢʦʤʙʽʥʦʚʘʥʽʡ ʘʜʘʧʪʘʮʽʾ ʨʽʟʥʠʭ ʟʘʚʘʜʦʩʪʽʡʢʠʭ ʢʦʜʽʚ ʥʘ ʦʩʥʦʚʽ ʢʦʜʽʚ 

ʈʽʜʘ-ʉʦʣʦʤʦʥʘ, ɹʏʍ-ʢʦʜʽʚ ʪʘ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʪʫʨʙʦ ʢʦʜʽʚ ʟ ʤʝʪʦʶ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʟʤʝʥʰʝʥʥʷ ʧʨʠ ʮʴʦʤʫ ʩʢʣʘʜʥʦʩʪʽ 

ʨʝʘʣʽʟʘʮʽʾ ʧʨʠʩʪʨʦʾʚ ʢʦʜʫʚʘʥʥʷ/ʜʝʢʦʜʫʚʘʥʥʷ. 

ɺʽʜʤʽʥʥʽʩʪʴ ʨʦʟʨʦʙʣʝʥʦʛʦ ʤʝʪʦʜʫ ʚʽʜ ʽʩʥʫʶʯʠʭ, ʱʦ ʚʠʟʥʘʯʘʻ ʡʦʛʦ ʥʘʫʢʦʚʫ 

ʥʦʚʠʟʥʫ, ʧʦʣʷʛʘʻ ʚ ʟʘʩʪʦʩʫʚʘʥʥʽ ʨʽʟʥʠʭ ʟʘ ʩʪʨʫʢʪʫʨʦʶ ʟʘʚʘʜʦʩʪʽʡʢʠʭ ʢʦʜʽʚ, ʚʽʜ 

ʙʽʣʴʰ ʧʨʦʩʪʠʭ ʜʦ ʙʽʣʴʰ ʩʢʣʘʜʥʠʭ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ-ʰʫʤ ʚ 

ʢʘʥʘʣʽ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʜʘʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʦʩʪʦʚʽʨʥʦʩʪʽ 

ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʩʧʨʦʱʝʥʥʷ ʚʘʨʽʘʥʪʽʚ ʩʠʥʪʝʟʫ ʤʦʜʝʣʝʡ ɹɿʇɼ, ʦʩʦʙʣʠʚʦ ʟʘ ʫʤʦʚ 

ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʟʘʚʘʜ. 

ɽʬʝʢʪ ʚʽʜ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ 

ʩʢʣʘʜʥʦʩʪʽ ʨʝʘʣʽʟʘʮʽʾ ʤʝʪʦʜʫ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʚ ɹɿʇɼ ʥʘ 

ʦʩʥʦʚʽ ʘʜʘʧʪʠʚʥʦʛʦ ʢʦʜʫʚʘʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʘʜʘʧʪʠʚʥʦʛʦ ʚʠʙʦʨʫ 

ʢʦʜʽʚ ʈʽʜʘ-ʉʦʣʦʤʦʥʘ, ɹʏʍ-ʢʦʜʽʚ ʪʘ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʪʫʨʙʦ ʢʦʜʽʚ ʜʣʷ 

ʟʘʜʘʥʦʾ ʡʤʦʚʽʨʥʦʩʪʽ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʜʦʟʚʦʣʠʣʠ ʟʘʙʝʟʧʝʯʠʪʠ ʟʘʜʘʥʫ 

ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʘʨʥʠʭ ʦʧʝʨʘʮʽʡ 

ʮʠʬʨʦʚʠʭ ʩʠʛʥʘʣʴʥʠʭ ʧʨʦʮʝʩʦʨʽʚ ʧʨʠ ʮʠʬʨʦʚʽʡ ʦʙʨʦʙʮʽ ʢʦʜʦʚʘʥʠʭ ʜʘʥʠʭ ʥʘ 39 
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ï 46 % ʫ ʚʠʧʘʜʢʫ ʚʧʣʠʚʫ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʥʘʚʤʠʩʥʠʭ ʟʘʚʘʜ ʧʨʠ ʟʤʽʥʽ ʚʽʜʥʦʰʝʥʥʷ 

ʩʠʛʥʘʣ-ʟʘʚʘʜʘ ʟ 6 ʜʦ 1 ʜɹ. 

ɺ ʪʨʝʪʴʦʤʫ ʨʦʟʜʽʣʽ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʦʩʥʦʚʥʽ ʘʣʛʦʨʠʪʤʠ ʜʝʢʦʜʫʚʘʥʥʷ ʪʫʨʙʦ 

ʢʦʜʽʚ: ʘʣʛʦʨʠʪʤ ʜʝʢʦʜʫʚʘʥʥʷ ʧʦ ʤʘʢʩʠʤʫʤʫ ʘʧʦʩʪʝʨʽʦʨʥʦʾ ʡʤʦʚʽʨʥʦʩʪʽ Map, 

ʘʣʛʦʨʠʪʤ ʜʝʢʦʜʫʚʘʥʥʷ Max Log Map, ʘʣʛʦʨʠʪʤ ʜʝʢʦʜʫʚʘʥʥʷ Log Map. ɺ 

ʘʣʛʦʨʠʪʤʘʭ ʜʝʢʦʜʫʚʘʥʥʷ ʪʫʨʙʦ ʢʦʜʽʚ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨʘ ʢʘʥʘʣʴʥʦʾ 

ñʥʘʜʽʡʥʦʩʪʽò ʚʨʘʭʦʚʘʥʦ ʚʧʣʠʚ ʥʘʚʤʠʩʥʠʭ ʟʘʚʘʜ: ʟʘʚʘʜʠ ʫ ʚʽʜʧʦʚʽʜʴ, ʰʫʤʦʚʦʾ 

ʟʘʚʘʜʠ, ʰʫʤʦʚʦʾ ʟʘʛʦʨʦʜʞʫʚʘʣʴʥʦʾ ʟʘʚʘʜʠ, ʰʫʤʦʚʦʾ ʟʘʚʘʜʠ ʚ ʯʘʩʪʠʥʽ ʩʤʫʛʠ. 

ʈʦʟʨʦʙʣʝʥʦ ʦʙʯʠʩʣʶʚʘʣʴʥʠʡ ʤʝʪʦʜ ʥʝʯʽʪʢʦʛʦ ʜʝʢʦʜʫʚʘʥʥʷ 

ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʪʫʨʙʦ ʢʦʜʽʚ ʚ ɹɿʇɼ. ʉʫʪʥʽʩʪʴ ʤʝʪʦʜʫ ʧʦʣʷʛʘʻ ʫ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʬʫʥʢʮʽʡ ʧʨʠʥʘʣʝʞʥʦʩʪʽ ʪʘ ʣʦʛʘʨʠʬʤʽʯʥʠʭ ʚʽʜʥʦʰʝʥʴ ʬʫʥʢʮʽʡ 

ʧʨʘʚʜʦʧʦʜʽʙʥʦʩʪʽ ʧʨʠ ʜʝʢʦʜʫʚʘʥʥʽ ʜʚʦʭ- ʪʘ ʪʨʴʦʭʢʦʤʧʦʥʝʥʪʥʠʭ ʪʫʨʙʦ ʢʦʜʽʚ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʘʣʛʦʨʠʪʤʫ Max Log Map ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʜʘʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ɹɿʇɼ ʟʘ 

ʨʘʭʫʥʦʢ ʜʠʥʘʤʽʯʥʦʾ ʟʤʽʥʠ ʬʫʥʢʮʽʾ ʧʨʠʥʘʣʝʞʥʦʩʪʽ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʧʝʨʝʭʽʜʥʠʭ 

ʤʝʪʨʽʢ. ɺʽʜʤʽʥʥʽʩʪʴ ʨʦʟʨʦʙʣʝʥʦʛʦ ʤʝʪʦʜʫ ʚʽʜ ʽʩʥʫʶʯʠʭ, ʱʦ ʚʠʟʥʘʯʘʻ ʡʦʛʦ 

ʥʘʫʢʦʚʫ ʥʦʚʠʟʥʫ, ʧʦʣʷʛʘʻ ʫ ʟʘʩʪʦʩʫʚʘʥʥʽ ʬʫʥʢʮʽʡ ʧʨʠʥʘʣʝʞʥʦʩʪʽ ʧʨʠ 

ʨʦʟʨʘʭʫʥʢʫ ʧʝʨʝʭʽʜʥʠʭ ʨʝʢʫʨʩʽʡ ʫ ʘʣʛʦʨʠʪʤʘʭ ʜʝʢʦʜʫʚʘʥʥʷ ʪʫʨʙʦ ʢʦʜʽʚ.  

ɼʣʷ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʧʨʠʚʝʜʝʥʽ ʛʨʘʬʽʯʥʽ 

ʟʘʣʝʞʥʦʩʪʽ ʩʝʨʝʜʥʴʦʾ ʡʤʦʚʽʨʥʦʩʪʽ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʚʽʜ ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ-

ʟʘʚʘʜʘ ʦʪʨʠʤʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟʤʽʥʠ ʬʫʥʢʮʽʾ 

ʧʨʠʥʘʣʝʞʥʦʩʪʽ ʚ ʘʣʛʦʨʠʪʤʘʭ ʜʝʢʦʜʫʚʘʥʥʷ ʪʫʨʙʦ ʢʦʜʽʚ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ ʟʘ 

ʨʘʭʫʥʦʢ ʚʧʨʦʚʘʜʞʝʥʥʷ ʬʫʥʢʮʽʡ ʧʨʠʥʘʣʝʞʥʦʩʪʽ ʜʦʟʚʦʣʷʻ ʦʜʝʨʞʘʪʠ 

ʝʥʝʨʛʝʪʠʯʥʠʡ ʚʠʛʨʘʰ 0,2ï0,8 ʜɹ ʧʨʠ ʟʘʙʝʟʧʝʯʝʥʥʽ ʟʘʜʘʥʦʛʦ ʟʥʘʯʝʥʥʷ 

ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʚ ɹɿʇɼ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʽʜʦʤʠʤʠ ʤʝʪʦʜʘʤʠ. 

ɼʣʷ ʚʠʙʦʨʫ ʩʪʨʫʢʪʫʨʠ ʪʘ ʧʘʨʘʤʝʪʨʽʚ ʢʦʜʽʚ ʫ ʯʝʪʚʝʨʪʦʤʫ ʨʦʟʜʽʣʽ 

ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʧʽʜʛʦʪʦʚʢʠ ʧʝʨʚʠʥʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʘʜʘʧʪʠʚʥʠʭ ɹɿʇɼ. 

ʇʨʝʜʩʪʘʚʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʠʡ ʘʧʘʨʘʪ ʘʥʘʣʽʟʫ ʦʧʪʠʤʘʣʴʥʦʾ ʩʪʨʘʪʝʛʽʾ ʟʘʚʘʜ, 

ʦʙˇʨʫʥʪʦʚʘʥʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʪʘ ʧʨʦʚʝʜʝʥʦ 

ʘʥʘʣʽʟ ʦʩʥʦʚʥʠʭ ʝʪʘʧʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʘʜʘʧʪʠʚʥʠʭ ɹɿʇɼ. 
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ʉʫʪʥʽʩʪʴ ʤʝʪʦʜʫ ʧʽʜʛʦʪʦʚʢʠ ʧʝʨʚʠʥʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʘʜʘʧʪʠʚʥʠʭ ɹɿʇɼ 

ʧʦʣʷʛʘʻ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʥʦʚʠʭ ʘʥʘʣʽʪʠʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʩʝʨʝʜʥʴʦʾ ʡʤʦʚʽʨʥʦʩʪʽ 

ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʜʝʢʦʜʫʚʘʥʥʷ ʜʣʷ ʙʣʦʢʦʚʠʭ ʢʦʜʽʚ ʪʘ ʢʦʜʽʚ ʈʽʜʘ-ʉʦʣʦʤʦʥʘ, 

ʚʠʟʥʘʯʝʥʥʽ ʩʝʨʝʜʥʴʦʾ ʡʤʦʚʽʨʥʦʩʪʽ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʜʝʢʦʜʫʚʘʥʥʷ ʜʣʷ ʪʫʨʙʦ ʢʦʜʽʚ 

ʰʣʷʭʦʤ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ ʨʽʟʥʠʭ ʩʪʨʘʪʝʛʽʡ ʟʘʚʘʜ, ʧʦʨʽʚʥʷʥʥʽ 

ʦʪʨʠʤʘʥʠʭ ʟʥʘʯʝʥʴ ʩʝʨʝʜʥʴʦʾ ʡʤʦʚʽʨʥʦʩʪʽ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʜʝʢʦʜʫʚʘʥʥʷ ʟ 

ʧʦʨʦʛʦʚʠʤ ʟʥʘʯʝʥʥʷʤ ʪʘ ʚʠʟʥʘʯʝʥʥʽ ʟʘ ʟʘʧʨʦʧʦʥʦʚʘʥʠʤ ʘʣʛʦʨʠʪʤʦʤ ʢʦʜʦʚʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʜʘʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʚ 

ɹɿʇɼ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʾʾ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ. ɺʽʜʤʽʥʥʽʩʪʴ ʨʦʟʨʦʙʣʝʥʦʛʦ 

ʤʝʪʦʜʫ ʚʽʜ ʽʩʥʫʶʯʠʭ, ʱʦ ʚʠʟʥʘʯʘʻ ʡʦʛʦ ʥʘʫʢʦʚʫ ʥʦʚʠʟʥʫ, ʧʦʣʷʛʘʻ ʚ ʟʙʽʣʴʰʝʥʥʽ 

ʤʽʨʥʦʩʪʽ ʧʨʦʩʪʦʨʫ ʢʦʜʽʚ ʪʘ ʟʘʚʘʜ, ʚ ʚʠʢʦʨʠʩʪʘʥʥʽ ʥʦʚʠʭ ʘʥʘʣʽʪʠʯʥʠʭ 

ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʩʝʨʝʜʥʴʦʾ ʡʤʦʚʽʨʥʦʩʪʽ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʧʘʨʘʤʝʪʨʽʚ ʟʘʚʘʜ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʨʴʦʭʢʦʤʧʦʥʝʥʪʥʦʛʦ ʪʫʨʙʦ 

ʢʦʜʫ. 

ɼʣʷ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʧʨʠʚʝʜʝʥʽ ʛʨʘʬʽʯʥʽ 

ʟʘʣʝʞʥʦʩʪʽ ʩʝʨʝʜʥʴʦʾ ʡʤʦʚʽʨʥʦʩʪʽ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʚʽʜ ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ-

ʟʘʚʘʜʘ ʦʪʨʠʤʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʦʚʠʭ ʘʥʘʣʽʪʠʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ 

ʩʝʨʝʜʥʴʦʾ ʡʤʦʚʽʨʥʦʩʪʽ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʜʝʢʦʜʫʚʘʥʥʷ ʜʣʷ ʙʣʦʢʦʚʠʭ ʢʦʜʽʚ 

ʍʝʤʤʽʥʛʘ, ɹʏʍ-ʢʦʜʽʚ, ʢʦʜʽʚ ʈʽʜʘ-ʉʦʣʦʤʦʥʘ ʪʘ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʽʤʦʚʽʨʥʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘʚʘʜʦʟʘʭʠʱʝʥʦʩʪʽ ʜʚʦʭʢʦʤʧʦʥʝʥʪʥʠʭ ʪʘ 

ʪʨʴʦʭʢʦʤʧʦʥʝʥʪʥʠʭ ʪʫʨʙʦ ʢʦʜʽʚ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ ʟʘ ʨʘʭʫʥʦʢ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʥʦʚʠʭ ʘʥʘʣʽʪʠʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ 

ʧʘʨʘʤʝʪʨʽʚ ʟʘʚʘʜ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʟʘʜʘʥʽ ʧʦʢʘʟʥʠʢʠ ʜʦʩʪʦʚʽʨʥʦʩʪʽ 

ʽʥʬʦʨʤʘʮʽʾ ʚ ɹɿʇɼ, ʧʨʠ ʮʴʦʤʫ ʝʥʝʨʛʝʪʠʯʥʠʡ ʚʠʛʨʘʰ ʢʦʜʫʚʘʥʥʷ ʟʘ ʨʘʭʫʥʦʢ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʨʴʦʭʢʦʤʧʦʥʝʥʪʥʦʛʦ ʪʫʨʙʦ ʢʦʜʫ ʩʢʣʘʜʘʻ 0,8 ʜɹ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʚʽʜʦʤʠʤʠ ʤʝʪʦʜʘʤʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ, ʙʝʟʧʨʦʚʦʜʦʚʽ ʟʘʩʦʙʠ ʧʝʨʝʜʘʯʽ 

ʜʘʥʠʭ, ʟʘʚʘʜʦʩʪʽʡʢʽ ʢʦʜʠ, ʪʫʨʙʦ ʢʦʜ, ʘʜʘʧʪʘʮʽʷ, ʘʣʛʦʨʠʪʤʠ ʜʝʢʦʜʫʚʘʥʥʷ, ʟʘʚʘʜʠ. 
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ABSTRACT 

Horlynskyi Borys. Methods for ensuring the reliability of information in the 

wireless data transmission device adaptive coding. ï Manuscript. 

Dissertation research for degree of PhDs. by specialty 05.13.06 çInformation 

Technologiesè. ï Institute of Telecommunications and Global Information Space of 

the National Academy of Sciences of Ukraine, Kyiv, 2020. 

The dissertation is devoted to the research of topical problems of wireless data 

transmission device (WDTD), their further development, and increase of efficiency 

of WDTD in the conditions of interference of interferences by ensuring the reliability 

of information through the development of methods based on adaptive coding and 

their use. 

In the first section of the dissertation was analyzed the current state and 

prospects for the development of the WDTD, the main factors that lead to a decrease 

in the reliability of information transmission in the WDTD, analyzed the existing 

methods for ensuring reliability of information in the WDTD and was set tasks that 

are needed to be solved in the dissertation. 

The conducted analysis of the current state and prospects of the WDTD 

development revealed the need to ensure the reliability of information in them and to 

increase their energy efficiency by developing appropriate methods based on adaptive 

coding, and their use. 

The results of the analysis of the main factors that lead to a decrease in the 

reliability of transmission of information in the WMDT revealed that the most 

significant influence on the characteristics of the transmitted signals is carried out by 

rapid selective fading in the channel and powerful natural and intentional 

interferences which are limited bandwidth additive white Gaussian noise (AWGS) 

with high power spectral density. 

An analysis of the existing methods for ensuring the reliability of information 

in the WDTD showed that promising directions for improving the reliability of 

information are the use of adaptive systems, based on turbo codes code structures, 
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Bose-Chowdhury-Hawkingham`s (BCH) codes, Heming`s codes, signal spread 

technologies and MIMO technologies (Multiple Input - Multiple Output). 

Thus, an analysis of the current state and prospects of the development of 

WDTD and existing methods of ensuring the reliability of WDTD information 

showed that the development and application of appropriate methods based on 

adaptive coding is a promising direction of solving the problem of ensuring the 

information reliability in the context of various unintended and intentional 

interferences. 

The second section formalizes the process of adaptive change in the structure 

of the WDTD codes, with the help of which was developed a method of ensuring the 

reliability of information in WDTD based on the adaptation of code structures. The 

essence of the method lies in the combined adaptation of various noise immunity 

codes based on Reed-Solomon`s codes, BCH codes and multi-component turbo codes 

to ensure the reliability of the information and to reduce the complexity of 

implementation of the encoding / decoding devices. 

The difference between the developed method and the existing ones, which 

determines its scientific novelty, is the application of different, structure`s different 

noise-resistant codes, from simpler to more complex ones, depending on the signal-

to-noise ratio in the channel, which leads to providing the given characteristics of 

reliability of information and simplification options of synthesis models of WDTD, 

especially in the case of non-stationary interference. 

The effect of the implementation is that the results of calculating the 

complexity of the implementation of the method of ensuring the reliability of 

information in the WDTD based on adaptive coding showed that the implementation 

of the adaptive selection of Reed-Solomon`s codes, BCH`s codes and 

multicomponent turbo codes for a given probability of providing bit error and reduce 

the number of elementary operations of digital signal processors in the digital 

processing of encoded data by 39 - 46% in the case of influence of non-stationary 

intent they do not interfere with changing the signal-to-noise ratio from 6 to 1 dB. 
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The third section analyzes the basic algorithms for decoding turbo codes: the 

decoding algorithm for maximum posterior probability Map, the Max Log Map 

decoding algorithm, the Log Map decoding algorithm. In the algorithms for decoding 

the turbo codes when calculating the parameter of channel "reliability" taking into 

account the effect of intentional interference: answer interference, noise interference, 

noise barrier interference, noise interference in part of the strip. 

Was developed the computational method of fuzzy decoding of 

multicomponent turbo codes in WDTD. The essence of the method is to use the 

membership functions and the logarithmic relations of the likelihood functions when 

decoding two- and three-component turbo codes using the Max Log Map algorithm 

with the purpose of providing the given indicators of reliability of information and 

improving the energy efficiency of the WDTD due to the dynamic change of the 

membership function in the calculation of transition metrics. The difference between 

the developed method and the existing one, which determines its scientific novelty, is 

the application of membership functions in the calculation of transient recursions in 

the turbo code decoding algorithms. 

To evaluate the efficiency of the proposed method are given the graphical 

dependences of the average probability of a bit error on the signal-to-noise ratio are 

obtained by simulation modeling of the change in the membership function in the 

turbo code decoding algorithms. The use of the method due to the introduction of 

membership functions allows to obtain an energy gain of 0.2ï0.8 dB while providing 

the set value of the reliability of information in the WDTD while comparing to the 

known methods. 

In order to select the structure and parameters of the codes, the method of 

preparation of the primary information for adaptive WDTD is developed in the fourth 

section. Presented the mathematical apparatus for the analysis of the optimal 

interference strategy, the efficiency of application of the proposed method is 

substantiated, and the basic stages of modeling of adaptive WDTD are analyzed. 

The essence of the method of preparation of primary information for adaptive 

WDTD is to use new analytical dependencies of the average probability of a bit 
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decoding error for block codes and Reed-Solomon`s codes, determined the average 

probability of a bit error of decoding for turbo codes by simulation modeling for 

different interference strategies, a bit error decoding threshold and determining the 

proposed algorithm code structures to provide set indicators of the reliability of 

information in the WDTD and increase its energy efficiency. The difference between 

the developed method and the existing one, which determines its scientific novelty, is 

to increase the dimensionality of the code and interference space, to use new 

analytical ratios to calculate the average probability of a bit error, taking into account 

the parameters of interferences, and to use a three-component turbo code. 

To evaluate the effectiveness of the proposed method, are given the graphical 

dependences of the average probability of a bit error on the signal-to-noise ratio that 

are obtained using new analytical dependencies to calculate the average probability of 

a bit error of decoding for block Hamming`s codes, BCH`s codes, Reed-Solomon`s 

codes and simulation modeling of the probabilistic characteristics of noise immunity 

of two-component and three-component turbo codes. The use of the method by 

introducing the new analytical dependencies obtained, taking into account the 

parameters of the interferences, allows to provide the specified indicators of 

reliability of information in the WDTD, with the energy gain of coding due to the use 

of three-component turbo codes is 0.8 dB compared with the known methods. 

Keywords: reliability of information , wireless data transmission device, noise 

immunity codes, turbo code, adaptation, decoding algorithms, interference. 
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ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʧʨʦ ʧʨʠʡʥʷʪʠʡ ʙʽʪ ʽʥʬʦʨʤʘʮʽʾ / ɿʘʡʮʝʚ ʉ. ɺ., 
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ʇɽʈɽʃɯʂ ʋʄʆɺʅʀʍ ʇʆɿʅɸʏɽʅʔ 

 

CRC ï Cyclic Redundancy Check (ʮʠʢʣʽʯʥʠʡ ʥʘʜʤʽʨʥʠʡ ʢʦʜ). 

IEEE ï Institute of Electrical and Electronics Engineers (ʽʥʩʪʠʪʫʪ ʽʥʞʝʥʝʨʽʚ ʧʦ 

ʝʣʝʢʪʨʦʪʝʭʥʽʮʽ ʽ ʝʣʝʢʪʨʦʥʽʮʽ). 

LDPC ï Low-density parity-check code (ʢʦʜʠ ʟ ʤʘʣʦʶ ʱʽʣʴʥʽʩʪʶ ʧʝʨʝʚʽʨʦʢ ʥʘ 

ʧʘʨʥʽʩʪʴ). 

LTE ï Long Term Evolution (ʩʪʘʥʜʘʨʪ ʜʦʚʛʦʪʝʨʤʽʥʦʚʦʾ ʝʚʦʣʶʮʽʾ). 

MAP ï Maximum a posteriori probabilities (ʤʘʢʩʠʤʫʤ ʘʧʦʩʪʝʨʽʦʨʥʦʾ ʡʤʦʚʽʨʥʦʩʪʽ). 

MIMO ï Multiple Input Multiple Output (ʪʝʭʥʦʣʦʛʽʷ ʙʘʛʘʪʦʝʣʝʤʝʥʪʥʠʭ ʘʥʪʝʥ). 

OFDM ï Orthogonal Frequency-Division Multiplexing (ʦʨʪʦʛʦʥʘʣʴʥʦ-ʯʘʩʪʦʪʥʝ 

ʤʫʣʴʪʠʧʣʝʢʩʫʚʘʥʥʷ). 

UMTS ï Universal Mobile Telecomunication System (ʪʝʭʥʦʣʦʛʽʷ  ʩʪʽʣʴʥʠʢʦʚʦʛʦ 

ʟʚôʷʟʢʫ 3-ʛʦ ʧʦʢʦʣʽʥʥʷ 3G). 

WMAN ï Wireless Metropolitan Area Networks (ʙʝʟʧʨʦʚʦʜʦʚʽ ʤʝʨʝʞʽ ʫ ʤʘʩʰʪʘʙʽ 

ʤʽʩʪʘ). 

WiMAX  ïWorldwide Interoperability for Microwave Access (ʩʚʽʪʦʚʘ ʤʝʨʝʞʘ 

ʰʪʨʦʢʦʧʦʣʦʩʥʦʛʦ ʙʝʟʧʨʦʚʦʜʦʚʦʛʦ ʜʦʩʪʫʧʫ). 

ɸɹɻʐ ï ʘʜʠʪʠʚʥʠʡ ʙʽʣʠʡ ʛʘʫʩʽʚʩʴʢʠʡ ʰʫʤ. 

ɹɿʇɼ ï ʙʝʟʧʨʦʚʦʜʦʚ ̔ʟʘʩʦʙʠ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. 

ɹʏʍ ï ʢʦʜʠ ɹʦʫʟʘ-ʏʦʫʜʭʫʨʽ-ʍʦʢʚʽʥʛʝʤʘ. 

ɺʉɿ ï ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ-ʟʘʚʘʜʘ. 

ɺʉʐ ï ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ-ʰʫʤ. 

ɼʅʂɿ ï ʜʠʩʢʨʝʪʥʦ-ʥʝʧʝʨʝʨʚʥʠʡ ʢʘʥʘʣ ʟʚô̫ ʟʢʫ. 

ɽɺʂ ï ʝʥʝʨʛʝʪʠʯʥʠʡ ʚʠʛʨʘʰ ʢʦʜʫʚʘʥʥʷ.  

ɽʆʄ ïʝʣʝʢʪʨʦʥʥʦ-ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʤʘʰʠʥʘ. 

ɿɺ ï ʟʘʚʘʜʘ ʫ ʚʽʜʧʦʚʽʜʴ. 

ʃɺʌʇ ï ʣʦʛʘʨʠʬʤʽʯʥʝ ʚʽʜʥʦʰʝʥʥʷ ʬʫʥʢʮʽʡ ʧʨʘʚʜʦʧʦʜʽʙʥʦʩʪʽ. 

ɻʇɺʇ ï ʛʝʥʝʨʘʪʦʨ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʦ ʾʧʦʩʣʽʜʦʚʥʦʩʪ̔. 

ʇʇʈʏ ï ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʘ ʧʝʨʝʙʫʜʦʚʘ ʨʦʙʦʯʦʾ ʯʘʩʪʦʪʠ. 
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PC ï ʢʦʜʠ ʈʽʜʘ-ʉʦʣʦʤʦʥʘ. 

ʈʉɿʂ ï ʨʝʢʫʨʩʠʚʥʽ ʩʠʩʪʝʤʘʪʠʯʥʽ ʟʛʦʨʪʦʯʥʽ ʢʦʜʠ. 

ʊʂ ï ʪʫʨʙʦʢʦʜ. 

ʋʂʂ ï ʫʟʘʛʘʣʴʥʝʥʽ ʢʘʩʢʘʜʥʽ ʢʦʜʠ. 

ʐɿɿ ï ʰʫʤʦʚʘ ʟʘʛʦʨʦʜʞʫʚʘʣʴʥʘ ʟʘʚʘʜʘ.  

ʐɿʏʉ ï ʰʫʤʦʚʘ ʟʘʚʘʜʘ ʚ ʯʘʩʪʠʥʽ ʩʤʫʛʠ. 
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ɺʉʊʋʇ 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ. ɹʝʟʧʨʦʚʦʜʦʚʽ ʟʘʩʦʙʠ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ (ɹɿʇɼ) 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʦʙʤʽʥ ʜʘʥʠʤʠ ʤʽʞ ʘʙʦʥʝʥʪʘʤʠ, ʱʦ ʤʦʞʫʪʴ ʚʠʢʦʥʫʚʘʪʠ ʻʜʠʥʝ 

ʟʘʚʜʘʥʥʷ ʚ ʫʤʦʚʘʭ ʘʢʪʠʚʥʦʛʦ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʦʛʦ ʚʧʣʠʚʫ. ɺʘʞʣʠʚʠʤ 

ʧʦʢʘʟʥʠʢʦʤ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʘʢʠʭ ɹɿʇɼ, ʻ 

ʟʜʘʪʥʽʩʪʴ ʩʠʩʪʝʤʠ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʟʘʜʘʥʫ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʧʨʠʡʦʤʫ ʽʥʬʦʨʤʘʮʽʾ ʚ 

ʫʤʦʚʘʭ ʚʧʣʠʚʫ ʟʘʚʘʜ ʨʽʟʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʽ ʥʘʚʤʠʩʥʠʭ, ʷʢʽ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʦʶ ʩʧʝʢʪʨʘʣʴʥʦʶ ʱʽʣʴʥʽʩʪʶ ʧʦʪʫʞʥʦʩʪʽ. ɽʬʝʢʪʠʚʥʠʤ 

ʥʘʧʨʷʤʢʦʤ ʧʨʦʪʠʜʽʾ ʟʘʚʘʜʘʤ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ɹɿʇɼ ʪʝʭʥʦʣʦʛʽʡ ʨʦʟʰʠʨʝʥʥʷ 

ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʫ ʪʘ ʢʦʜʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. 

ʅʘ ʜʘʥʠʡ ʯʘʩ ʤʝʪʦʜʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʚ ɹɿʇɼ 

ʜʦʩʠʪʴ ʛʣʠʙʦʢʦ ʡ ʰʠʨʦʢʦ ʜʦʩʣʽʜʞʝʥʽ ʚ ʥʘʫʢʦʚʠʭ ʧʨʘʮʷʭ ʚʽʪʯʠʟʥʷʥʠʭ ʪʘ 

ʽʥʦʟʝʤʥʠʭ ʘʚʪʦʨʽʚ [1-54], ʩʝʨʝʜ ʷʢʠʭ ʥʘʡʙʽʣʴʰ ʚʽʜʦʤʽ ʥʘʩʪʫʧʥʽ ʚʯʝʥʽ: 

ɸ. ɻ. ɿʶʢʦ, ɼ. ɼ. ʂʣʦʚʩʴʢʠʡ, ʄ. ʃ. ʊʝʧʣʦʚ, ʃ. ʄ. ʌʽʥʢ, ʃ. ɭ. ɺʘʨʘʢʽʥ, 

ɺ. ʃ. ɹʘʥʢʝʪ, ɺ. ɺ. ʂʚʘʰʝʥʥʠʢʦʚ, ɺ. ɯ. ɹʦʨʠʩʦʚ, ʉ.ɺ. ɿʘʡʮʝʚ, ɺ.ɺ. ʂʘʟʠʤʠʨ, 

ʂ. ʐʝʥʥʦʥ, ɼ. ʌʦʨʥʽ, ʌ. ɼʞ. ʄʘʢ-ɺʽʣʴʷʤʩ, ʂ. ɹʝʨʨʦʫ, ʃ. ʍʝʥʟʦ, ɸ. ɻʦʣʜʩʤʠʪ, 

ʄ. ɺʘʣʝʥʪʽ ʪʘ ʽʥ. 

ʆʜʥʘʢ ʥʝʜʦʩʪʘʪʥʴʦ ʜʦʩʣʽʜʞʝʥʽ ʪʘ ʚʠʤʘʛʘʶʪʴ ʜʦʜʘʪʢʦʚʦʛʦ ʚʠʚʯʝʥʥʷ 

ʥʘʩʪʫʧʥʽ ʟʘʜʘʯʽ: 

- ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʚ ɹɿʇɼ; 

- ʨʦʟʚʠʪʦʢ, ʝʬʝʢʪʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʩʪʦʩʦʚʥʦ 

ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ, ʧʨʦʝʢʪʫʚʘʥʥʷ, ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʦʙôʻʢʪʽʚ ʥʦʚʦʾ ʪʝʭʥʽʢʠ ʪʘ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ; 

- ʤʦʜʠʬʽʢʘʮʽʷ ʪʘ ʩʧʝʮʽʘʣʽʟʘʮʽʷ ʽʩʥʫʶʯʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʟ 

ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʾʭ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʩʪʚʦʨʝʥʥʷ ʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʦʚʠʭ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʽ ʘʣʛʦʨʠʪʤʽʚ, ʱʦ ʚʨʘʭʦʚʫʶʪʴ ʦʩʦʙʣʠʚʦʩʪʽ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ɹɿʇɼ; 

- ʨʦʟʨʦʙʢʘ ʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʘʜʘʧʪʠʚʥʦʛʦ ʟʘʚʘʜʦʩʪʽʡʢʦʛʦ ʢʦʜʫʚʘʥʥʷ 

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʜʘʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʚ ʢʘʥʘʣʘʭ ʟ 



18 

ʧʽʜʚʠʱʝʥʠʤ ʨʽʚʥʝʤ ʰʫʤʫ ʪʘ ʟʘʚʘʜʘʤʠ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʥʝʯʽʪʢʠʭ ʧʨʘʚʠʣ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ; 

- ʚ ʩʠʩʪʝʤʘʭ ʟ ʧʘʨʘʤʝʪʨʠʯʥʦʶ ʘʜʘʧʪʘʮʽʶ ʫ ʚʠʧʘʜʢʫ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʽʚ 

ʰʫʤʽʚ ʪʘ ʟʘʚʘʜ ʜʦ ʧʝʚʥʦʛʦ ʨʽʚʥʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʜʘʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʩʪʘʻ ʥʝʤʦʞʣʠʚʠʤ, ʪʦʤʫ ʧʦʩʪʘʻ ʧʠʪʘʥʥʷ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʙʘʛʘʪʦʨʽʚʥʝʚʦʾ ʘʜʘʧʪʘʮʽʾ, ʧʨʠʯʦʤʫ ʥʝ ʪʽʣʴʢʠ ʧʘʨʘʤʝʪʨʽʚ, ʘ ʡ ʩʪʨʫʢʪʫʨʠ ʢʦʜʽʚ. 

ʊʦʤʫ ʫ ʜʠʩʝʨʪʘʮʽʾ ʚʠʨʽʰʫʻʪʴʩʷ ʘʢʪʫʘʣʴʥʘ ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʘ ʟʘʜʘʯʘ, ʱʦ 

ʤʘʻ ʚʘʞʣʠʚʫ ʥʘʫʢʦʚʫ, ʧʨʘʢʪʠʯʥʫ ʡ ʪʝʭʥʽʯʥʫ ʩʧʨʷʤʦʚʘʥʽʩʪʴ ʧʨʠ ʩʪʚʦʨʝʥʥʽ 

ʧʝʨʩʧʝʢʪʠʚʥʠʭ ɹɿʇɼ ï ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʚ ɹɿʇɼ ʟʘ 

ʨʘʭʫʥʦʢ ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʽʚ ʥʘ ʦʩʥʦʚʽ ʘʜʘʧʪʠʚʥʦʛʦ ʢʦʜʫʚʘʥʥʷ. 

ɿʚôʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ.  

ʅʘʧʨʷʤʢʠ ʜʦʩʣʽʜʞʝʥʴ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʧʦʚ'ʷʟʘʥʽ ʟ ʨʝʘʣʽʟʘʮʽʻʶ 

ʨʦʟʧʦʨʷʜʞʝʥʥʷ ʂʘʙʽʥʝʪʫ ʄʽʥʽʩʪʨʽʚ ʋʢʨʘʾʥʠ ʚʽʜ 15.05.2013 ʨʦʢʫ ˉ386-ʨ çʇʨʦ 

ʩʭʚʘʣʝʥʥʷ ʉʪʨʘʪʝʛʽʾ ʨʦʟʚʠʪʢʫ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʩʫʩʧʽʣʴʩʪʚʘ ʚ ʋʢʨʘʾʥʽè. 

ɼʠʩʝʨʪʘʮʽʡʥʫ ʨʦʙʦʪʫ ʚʠʢʦʥʘʥʦ ʟʛʽʜʥʦ ʧʣʘʥʫ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʨʦʙʽʪ ɯʥʩʪʠʪʫʪʫ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʽ ʛʣʦʙʘʣʴʥʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʨʦʩʪʦʨʫ ʅɸʅ ʋʢʨʘʾʥʠ ʫ 

ʨʘʤʢʘʭ ʙʶʜʞʝʪʥʦʾ ʪʝʤʠ: çʈʦʟʨʦʙʢʘ ʤʝʪʦʜʦʣʦʛʽʯʥʠʭ ʟʘʩʘʜ ʽʥʪʝʛʨʘʮʽʾ 

ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʥʘ ʙʘʟʽ ʻʜʠʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʧʣʘʪʬʦʨʤʠè 

(ˉ ɼʈ 0117U000002), ʙʶʜʞʝʪʥʦʾ ʧʨʦʛʨʘʤʠ ʥʘʧʨʘʚʣʝʥʦʾ ʥʘ ʨʦʟʚʠʪʦʢ ʜʝʨʞʘʚʥʦʾ 

ʩʠʩʪʝʤʠ ʩʧʝʮʽʘʣʴʥʦʛʦ ʟʚôʷʟʢʫ, ʘ ʩʘʤʝ, ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʘ ʨʦʙʦʪʘ, ʰʠʬʨ çʈʫʪʘè 

(  ̄ ɼʈ 0117U000086T) ʪʘ ʜʦʩʣʽʜʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʘ ʨʦʙʦʪʘ, ʰʠʬʨ çʊʫʨʽʷè  

(ˉ ɼʈ 0119U000009ʎʊ), ʘ ʪʘʢʦʞ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʾ ʨʦʙʦʪʠ çɯʥʬʦʨʤʘʮʽʡʥʘ 

ʪʝʭʥʦʣʦʛʽʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʣʦʾ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʚ ʤʝʨʝʞʘʭ ɯʥʪʝʨʥʝʪʫ 

ʨʝʯʝʡè (  ̄ɼʈ 0118U006996). 

ʄʝʪʘ ʽ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʘ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ 

ʧʽʜʚʠʱʝʥʥʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ɹɿʇɼ ʚ ʫʤʦʚʘʭ ʚʧʣʠʚʫ ʟʘʚʘʜ ʯʝʨʝʟ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʟʘ ʨʘʭʫʥʦʢ ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʽʚ ʥʘ ʦʩʥʦʚʽ ʘʜʘʧʪʠʚʥʦʛʦ 

ʢʦʜʫʚʘʥʥʷ ʪʘ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ.  

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ ʪʘʢʽ ʟʘʜʘʯʽ: 
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1) ʇʨʦʘʥʘʣʽʟʫʚʘʪʠ ʽʩʥʫʶʯʽ ʤʝʪʦʜʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ 

ʽʥʬʦʨʤʘʮʽʾ ʚ ɹɿʇɼ. 

2) ʈʦʟʨʦʙʠʪʠ ʥʘ ʦʩʥʦʚʽ ʘʜʘʧʪʘʮʽʾ ʢʦʜʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʤʝʪʦʜ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʚ ɹɿʇɼ. 

3) ʈʦʟʨʦʙʠʪʠ ʪʘ ʨʝʘʣʽʟʫʚʘʪʠ ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʚʠʜʽ ʦʙʯʠʩʣʶʚʘʣʴʥʠʡ ʤʝʪʦʜ 

ʥʝʯʽʪʢʦʛʦ ʜʝʢʦʜʫʚʘʥʥʷ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʪʫʨʙʦ ʢʦʜʽʚ ʚ ɹɿʇɼ. 

4) ʈʦʟʨʦʙʠʪʠ ʤʝʪʦʜ ʧʽʜʛʦʪʦʚʢʠ ʧʝʨʚʠʥʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʘʜʘʧʪʠʚʥʠʭ 

ɹɿʇɼ.  

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʧʨʦʮʝʩʠ ʬʦʨʤʫʚʘʥʥʷ ʽ ʧʝʨʝʨʦʙʢʠ ʢʦʜʦʚʘʥʠʭ ʜʘʥʠʭ 

ʫ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʟʘʩʦʙʘʭ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʫ 

ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʟʘʩʦʙʘʭ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ.   

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʜʘʯ ʙʫʣʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʪʘʢʽ ʤʝʪʦʜʠ: ʜʣʷ ʨʦʟʨʦʙʣʝʥʥʷ ʤʝʪʦʜʫ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ 

ʽʥʬʦʨʤʘʮʽʾ ʚ ɹɿʇɼ ʥʘ ʦʩʥʦʚʽ ʘʜʘʧʪʘʮʽʾ ʢʦʜʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ï ʤʝʪʦʜʠ ʪʝʦʨʽʾ 

ʫʧʨʘʚʣʽʥʥʷ, ʢʦʜʫʚʘʥʥʷ, ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, ʘʜʘʧʪʠʚʥʠʭ ʩʠʩʪʝʤ, ʦʧʪʠʤʽʟʘʮʽʾ, 

ʟʚôʷʟʢʫ, ʪʝʦʨʽʾ ʤʝʨʝʞ ʇʝʪʨʽ; ʜʣʷ ʨʦʟʨʦʙʢʠ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʤʝʪʦʜʫ ʥʝʯʽʪʢʦʛʦ 

ʜʝʢʦʜʫʚʘʥʥʷ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʪʫʨʙʦ ʢʦʜʽʚ ʚ ɹɿʇɼ ï ʤʝʪʦʜʠ ʽʤʽʪʘʮʽʡʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ, ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʪʝʦʨʽʾ ʡʤʦʚʽʨʥʦʩʪʽ, 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ, ʪʝʦʨʽʾ ʟʘʚʘʜʦʩʪʽʡʢʦʛʦ ʢʦʜʫʚʘʥʥʷ, ʪʝʦʨʽʾ ʽʥʬʦʨʤʘʮʽʾ, 

ʜʣʷ ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʫ ʧʽʜʛʦʪʦʚʢʠ ʧʝʨʚʠʥʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʘʜʘʧʪʠʚʥʠʭ ɹɿʇɼ ï 

ʤʝʪʦʜʠ ʪʝʦʨʽʾ ʤʦʜʫʣʴʦʚʘʥʠʭ ʩʠʛʥʘʣʽʚ, ʪʝʦʨʽʾ ʟʘʚʘʜʦʩʪʽʡʢʦʛʦ ʢʦʜʫʚʘʥʥʷ, ʪʝʦʨʽʾ 

ʽʥʬʦʨʤʘʮʽʾ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ.  

1. ɺʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʚ 

ɹɿʇɼ ʥʘ ʦʩʥʦʚʽ ʘʜʘʧʪʘʮʽʾ ʨʽʟʥʠʭ ʢʦʜʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʱʦ ʜʦʟʚʦʣʠʪʴ 

ʟʘʙʝʟʧʝʯʠʪʠ ʟʘʜʘʥʽ ʧʦʢʘʟʥʠʢʠ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ 

ʝʣʝʤʝʥʪʘʨʥʠʭ ʦʧʝʨʘʮʽʡ ʮʠʬʨʦʚʠʭ ʩʠʛʥʘʣʴʥʠʭ ʧʨʦʮʝʩʦʨʽʚ ʧʨʠ ʮʠʬʨʦʚʽʡ ʦʙʨʦʙʮʽ 

ʢʦʜʦʚʘʥʠʭ ʜʘʥʠʭ. ɺʽʜʤʽʥʥʽʩʪʴ ʨʦʟʨʦʙʣʝʥʦʛʦ ʤʝʪʦʜʫ ʚʽʜ ʽʩʥʫʶʯʠʭ, ʱʦ ʚʠʟʥʘʯʘʻ 

ʡʦʛʦ ʥʦʚʠʟʥʫ, ʧʦʣʷʛʘʻ ʚ ʟʘʩʪʦʩʫʚʘʥʥʽ ʨʽʟʥʠʭ ʟʘ ʩʪʨʫʢʪʫʨʦʶ ʟʘʚʘʜʦʩʪʽʡʢʠʭ ʢʦʜʽʚ, 
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ʚʽʜ ʙʽʣʴʰ ʧʨʦʩʪʠʭ ʜʦ ʙʽʣʴʰ ʩʢʣʘʜʥʠʭ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ-ʰʫʤ 

ʚ ʢʘʥʘʣʽ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʜʘʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʦʩʪʦʚʽʨʥʦʩʪʽ 

ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʩʧʨʦʱʝʥʥʷ ʚʘʨʽʘʥʪʽʚ ʩʠʥʪʝʟʫ ʤʦʜʝʣʝʡ ɹɿʇɼ, ʦʩʦʙʣʠʚʦ ʟʘ ʫʤʦʚ 

ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʥʘʚʤʠʩʥʠʭ ʟʘʚʘʜ. 

2. ɺʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʦʙʯʠʩʣʶʚʘʣʴʥʠʡ ʤʝʪʦʜ ʥʝʯʽʪʢʦʛʦ ʜʝʢʦʜʫʚʘʥʥʷ 

ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʪʫʨʙʦ ʢʦʜʽʚ ʚ ɹɿʇɼ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʟʘʜʘʥʽ 

ʧʦʢʘʟʥʠʢʠ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʧʽʜʚʠʱʠʪʠ ʝʥʝʨʛʝʪʠʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ɹɿʇɼ ʥʘ 0,2ï0,8 ʜɹ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʽʜʦʤʠʤʠ ʤʝʪʦʜʘʤʠ. ʈʦʟʨʦʙʣʝʥʠʡ ʤʝʪʦʜ, ʥʘ 

ʚʽʜʤʽʥʫ ʚʽʜ ʥʘʷʚʥʠʭ, ʚʠʢʦʨʠʩʪʦʚʫʻ ʬʫʥʢʮʽʾ ʧʨʠʥʘʣʝʞʥʦʩʪʽ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ 

ʧʝʨʝʭʽʜʥʠʭ ʨʝʢʫʨʩʽʡ ʪʘ ʣʦʛʘʨʠʬʤʽʯʥʠʭ ʚʽʜʥʦʰʝʥʴ ʬʫʥʢʮʽʡ ʧʨʘʚʜʦʧʦʜʽʙʥʦʩʪʽ ʫ 

ʘʣʛʦʨʠʪʤʘʭ ʜʝʢʦʜʫʚʘʥʥʷ ʪʫʨʙʦ ʢʦʜʽʚ. 

3. ɺʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʧʽʜʛʦʪʦʚʢʠ ʧʝʨʚʠʥʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ 

ʘʜʘʧʪʠʚʥʠʭ ɹɿʇɼ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʟʘʜʘʥʽ ʧʦʢʘʟʥʠʢʠ ʜʦʩʪʦʚʽʨʥʦʩʪʽ 

ʽʥʬʦʨʤʘʮʽʾ ʚ ɹɿʇɼ, ʧʨʠ ʮʴʦʤʫ ʝʥʝʨʛʝʪʠʯʥʠʡ ʚʠʛʨʘʰ ʩʢʣʘʜʘʻ 0,8 ʜɹ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʽʜʦʤʠʤʠ ʤʝʪʦʜʘʤʠ. ʈʦʟʨʦʙʣʝʥʠʡ ʤʝʪʦʜ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʥʘʷʚʥʠʭ, 

ʟʙʽʣʴʰʫ ̒ ʤʽʨʥʩ̔ʪɹ ʧʨʦʩʪʦʨʫ ʢʦʜʽʚ ʪʘ ʟʘʚʘʜ, ʘ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʻ ʥʦʚ̔ 

ʘʥʘʣʽʪʠʯʥ ̔ ʩʧʽʚʚʽʜʥʦʰʝʥʥ ̫ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʩʝʨʝʜʥʴʦʾ ʡʤʦʚʽʨʥʦʩʪʽ ʙʽʪʦʚʦʾ 

ʧʦʤʠʣʢʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʘʨʘʤʝʪʨʽʚ ʟʘʚʘʜ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥ ̫ʪʨʴʦʭʢʦʤʧʦʥʝʥʪʥʦʛʦ 

ʪʫʨʙʦ ʢʦʜʫ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ 

ʥʘʚʝʜʝʥʽ ʚʠʱʝ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʫ ʩʚʦʾʡ ʩʫʢʫʧʥʦʩʪʽ ʩʪʚʦʨʶʶʪʴ ʥʦʚʫ 

ʽʥʬʦʨʤʘʮʽʡʥʫ ʪʝʭʥʦʣʦʛʽʻʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʚ ɹɿʇɼ ʟʘ 

ʨʘʭʫʥʦʢ ʘʜʘʧʪʠʚʥʦʛʦ ʢʦʜʫʚʘʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʧʪʠʤʽʟʫʚʘʪʠ ʪʘ ʧʽʜʚʠʱʠʪʠ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʚ 

ɹɿʇɼ ʥʘ ʝʪʘʧʘʭ ʾʭ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʚʠʛʦʪʦʚʣʝʥʥʷ ʽ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʙʦʪʠ ʤʦʞʝ ʜʦʟʚʦʣʠʪʠ: 

- ʤʦʜʝʣʶʚʘʪʠ, ʚʠʟʥʘʯʘʪʠ ʧʘʨʘʤʝʪʨʠ ʪʘ ʚʠʛʦʪʦʚʣʷʪʠ ɹɿʇɼ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʦʚʽʪʥʽʭ ʮʠʬʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ; 

- ʢʽʣʴʢʽʩʥʦ ʦʮʽʥʶʚʘʪʠ ʤʝʪʦʜʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʚ 

ɹɿʇɼ ʚ ʫʤʦʚʘʭ ʨʽʟʥʠʭ ʟʘʚʘʜ; 
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- ʧʽʜʚʠʱʫʚʘʪʠ ʜʦʩʪʦʚʽʨʥʩ̔ʪɹ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʝʥʝʨʛʝʪʠʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ɹɿʇɼ; 

- ʩʧʨʦʩʪʠʪʠ ʪʘ ʟʥʠʟʠʪʠ ʚʘʨʪʽʩʪʴ ʨʦʙʽʪ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ, ʧʨʦʝʢʪʫʚʘʥʥʽ ʽ 

ʚʠʛʦʪʦʚʣʝʥʥʽ ɹɿʇɼ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʚʧʨʦʚʘʜʞʝʥʽ ʚ ʨʦʙʦʪʘʭ ʊʦʚʘʨʠʩʪʚʘ ʟ 

ʦʙʤʝʞʝʥʦʶ ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʶ çɯʥʬʦʨʤʘʮʽʡʥʘ ʙʝʟʧʝʢʘè ʧʨʠ ʨʦʟʨʦʙʮʽ 

ʘʨʭʽʪʝʢʪʫʨʠ ʟʘʚʘʜʦʟʘʭʠʱʝʥʠʭ ʟʘʩʦʙʽʚ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, ʊʦʚʘʨʠʩʪʚʘ ʟ ʦʙʤʝʞʝʥʦʶ 

ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʶ çʅʽʢʉè ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʩʪʚʦʨʝʥʥʷ ʟʘʭʠʱʝʥʦʾ ʤʝʨʝʞʽ 

ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, ʱʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʚʽʜʧʦʚʽʜʥʠʤʠ ʘʢʪʘʤʠ ʚʧʨʦʚʘʜʞʝʥʥʷ. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ʆʩʥʦʚʥʽ ʽʜʝʾ ʜʠʩʝʨʪʘʮʽʾ ʪʘ ʦʪʨʠʤʘʥʽ 

ʨʝʟʫʣʴʪʘʪʠ, ʷʢ ʪʝʦʨʝʪʠʯʥʽ, ʪʘʢ ʽ ʧʨʘʢʪʠʯʥʽ (ʫ ʪʦʤʫ ʯʠʩʣʽ ʢʦʥʢʨʝʪʥʽ ʨʝʘʣʽʟʘʮʽʾ ʮʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʫ ʚʠʛʣʷʜʽ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚ), ʥʘʣʝʞʘʪʴ ʦʩʦʙʠʩʪʦ ʟʜʦʙʫʚʘʯʝʚʽ. ɿʽ 

ʩʧʽʣʴʥʠʭ ʧʫʙʣʽʢʘʮʽʡ ʦʩʦʙʠʩʪʦ ʟʜʦʙʫʚʘʯʝʚʽ ʥʘʣʝʞʠʪʴ ʥʘʩʪʫʧʥʝ: ʚ [56] ï ʘʥʘʣʽʟ 

ʤʝʪʦʜʽʚ ʤʦʜʫʣʷʮʽʾ ʪʘ ʨʦʟʰʠʨʝʥʥʷ ʩʧʝʢʪʨʫ ʩʠʛʥʘʣʫ ʩʫʯʘʩʥʠʭ ʙʝʟʧʽʣʦʪʥʠʭ 

ʘʚʽʘʮʽʡʥʠʭ ʢʦʤʧʣʝʢʩʽʚ; ʚ [59] ï ʚʠʙʽʨ ʢʦʜʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʬʦʨʤʘʣʽʟʘʮʽʷ 

ʧʨʦʮʝʩʫ ʘʜʘʧʪʠʚʥʦʾ ʟʤʽʥʠ ʩʪʨʫʢʪʫʨʠ ʢʦʜʽʚ; ʚ [60] ï ʦʪʨʠʤʘʥʥʷ ʦʩʥʦʚʥʠʭ 

ʘʥʘʣʽʪʠʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ; ʚ [61, 62] ï ʜʦʩʣʽʜʞʝʥʥʷ ʦʩʥʦʚʥʠʭ ʘʣʛʦʨʠʪʤʽʚ 

ʜʝʢʦʜʫʚʘʥʥʷ ʪʫʨʙʦ ʢʦʜʽʚ, ʦʪʨʠʤʘʥʥʷ ʘʥʘʣʽʪʠʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ 

ʢʽʣʴʢʦʩʪʽ ʝʣʝʤʝʥʪʘʨʥʠʭ ʦʧʝʨʘʮʽʾ ʮʠʬʨʦʚʦʛʦ ʩʠʛʥʘʣʴʥʦʛʦ ʧʨʦʮʝʩʦʨʘ ʜʣʷ 

ʨʝʘʣʽʟʘʮʽʾ ʜʝʢʦʜʫʚʘʥʥʷ; ʚ [63] ï ʽʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʚʠʟʥʘʯʝʥʥʷ 

ʦʧʪʠʤʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʫʨʙʦ ʢʦʜʘ; ʚ [64] ï ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʚʧʣʠʚʫ 

ʟʘʚʘʜ ʥʘ ʚʽʜʦʤʯʽ ʩʠʩʪʝʤʠ ʨʘʜʽʦʟʚôʷʟʢʫ; ʚ [66] ï ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʬʫʥʢʮʽʡ ʧʨʠʥʘʣʝʞʥʦʩʪʽ ʚ ʘʣʛʦʨʠʪʤʘʭ ʜʝʢʦʜʫʚʘʥʥʷ ʪʫʨʙʦ ʢʦʜʽʚ; ʚ [69-71] ï 

ʤʦʜʝʣʶʚʘʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʠʭ 

ʘʣʛʦʨʠʪʤʽʚ ʜʝʢʦʜʫʚʘʥʥʷ ʪʫʨʙʦ ʢʦʜʽʚ. ʈʦʙʦʪʠ [57, 58, 65, 67, 68] ʚʠʢʦʥʫʚʘʣʠʩʴ 

ʙʝʟ ʩʧʽʚʘʚʪʦʨʽʚ. 

ɿʽ ʩʧʽʣʴʥʠʭ ʧʫʙʣʽʢʘʮʽʡ ʫ ʜʠʩʝʨʪʘʮʽʡʥʫ ʨʦʙʦʪʫ ʚʢʣʶʯʝʥʽ ʪʽʣʴʢʠ ʨʝʟʫʣʴʪʘʪʠ, 

ʦʪʨʠʤʘʥʽ ʘʚʪʦʨʦʤ ʩʘʤʦʩʪʽʡʥʦ.  

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʙʦʪʠ. ʆʩʥʦʚʥʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ 

ʜʦʧʦʚʽʜʘʣʠʩʷ ʥʘ 19-ʡ ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ 
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çɹʝʟʦʧʘʩʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʠ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤʘʭè (ʤ. ʂʠʾʚ, 2017 ʨ.), 12-ʡ ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ 

çʄʘʪʝʤʘʪʠʯʥʝ ʪʘ ʽʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʩʠʩʪʝʤ. ʄʆɼʉ 2017è (ʤ. ʏʝʨʥʽʛʽʚ, 

2017 ʨ.), 18-ʡ ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʉʫʯʘʩʥʽ 

ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʫʧʨʘʚʣʽʥʥʷ ʝʢʦʣʦʛʽʯʥʦʶ ʙʝʟʧʝʢʦʶ, 

ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷʤ, ʟʘʭʦʜʘʤʠ ʚ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʷʭè (ʤ. ʂʠʾʚ, 2019), 

ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çɯʥʬʦʨʤʘʮʽʡʥʦïʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʽ 

ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʢʽʙʝʨʙʝʟʧʝʢʘ: ʥʦʚʽ ʚʠʢʣʠʢʠ, ʥʦʚʽ ʟʘʚʜʘʥʥʷè (ʤ. ʂʠʾʚ, 2019). 

ʇʫʙʣʽʢʘʮʽʾ. ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʦʧʫʙʣʽʢʦʚʘʥʽ ʫ 16 

ʥʘʫʢʦʚʠʭ ʨʦʙʦʪʘʭ, ʫ ʪʦʤʫ ʯʠʩʣʽ 9 ʩʪʘʪʪʷʭ, ʟ ʥʠʭ 5 ʩʪʘʪʝʡ ʫ ʥʘʫʢʦʚʠʭ ʚʠʜʘʥʥʷʭ, 

ʷʢʽ ʚʭʦʜʷʪʴ ʜʦ ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʤʝʪʨʠʯʥʠʭ ʙʘʟ, 4 ʩʪʘʪʪʽ ʫ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ 

ʋʢʨʘʾʥʠ ʟ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, 2 ʧʘʪʝʥʪʠ ʥʘ ʢʦʨʠʩʥʫ ʤʦʜʝʣʴ, 1 ʘʚʪʦʨʩʴʢʝ ʩʚʽʜʦʮʪʚʦ 

ʥʘ ʢʦʤʧôʶʪʝʨʥʫ ʧʨʦʛʨʘʤʫ, 4 ʧʫʙʣʽʢʘʮʽʾ ʫ ʤʘʪʝʨʽʘʣʘʭ ʤʽʞʥʘʨʦʜʥʠʭ ʪʘ 

ʚʩʝʫʢʨʘʾʥʩʴʢʠʭ ʢʦʥʬʝʨʝʥʮʽʡ, 2 ʩʪʘʪʪʽ ʦʧʫʙʣʽʢʦʚʘʥʦ ʙʝʟ ʩʧʽʚʘʚʪʦʨʽʚ. 
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ʈʆɿɼɯʃ 1. ɸʅɸʃɯɿ ɯʉʅʋʖʏʀʍ ʄɽʊʆɼɯɺ ɿɸɹɽɿʇɽʏɽʅʅʗ 

ɼʆʉʊʆɺɯʈʅʆʉʊɯ ɯʅʌʆʈʄɸʎɯɰ ɺ ɹɽɿʇʈʆɺʆɼʆɺʀʍ ɿɸʉʆɹɸʍ ʇɽʈɽɼɸʏɯ 

ɼɸʅʀʍ 

 

1.1. ɸʥʘʣʽʟ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʡ ʧʝʨʩʧʝʢʪʠʚ ʨʦʟʚʠʪʢʫ ʙʝʟʧʨʦʚʦʜʦʚʠʭ 

ʟʘʩʦʙʽʚ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ 

 

ɺ ʦʩʪʘʥʥʽ ʜʝʩʷʪʠʣʽʪʪʷ ɹɿʇɼ ʘʢʪʠʚʥʦ ʨʦʟʚʠʚʘʶʪʴʩʷ. ʅʘ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʚ 

ɹɿʇɼ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʚʽ ʦʩʥʦʚʥʽ 4G-ʪʝʭʥʦʣʦʛʠʠ: Mobile WiMAX  (Worldwide 

Interoperability for Microwave Access) ʠ LTE (Long Term Evolution).  

WiMAX  ï ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ, ʨʦʟʨʦʙʣʝʥʘ ʟ ʤʝʪʦʶ ʥʘʜʘʥʥʷ 

ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʙʝʟʧʨʦʚʦʜʦʚʦʛʦ ʟʚ'ʷʟʢʫ ʥʘ ʚʝʣʠʢʠʭ ʚʽʜʩʪʘʥʷʭ ʜʣʷ ʰʠʨʦʢʦʛʦ 

ʩʧʝʢʪʨʫ ʧʨʠʩʪʨʦʾʚ (ʚʽʜ ʨʦʙʦʯʠʭ ʩʪʘʥʮʽʡ ʽ ʧʦʨʪʘʪʠʚʥʠʭ ʢʦʤʧ'ʶʪʝʨʽʚ ʜʦ 

ʤʦʙʽʣʴʥʠʭ ʪʝʣʝʬʦʥʽʚ). ɿʘʩʥʦʚʘʥʘ ʥʘ ʩʪʘʥʜʘʨʪʽ IEEE 802.16, ʷʢʠʡ ʪʘʢʦʞ 

ʥʘʟʠʚʘʶʪʴ WMAN (Wireless Metropolitan Area Networks) [72-81]. 

ʎʷ ʪʝʭʥʦʣʦʛʽʷ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʤʝʨʝʞ 4-ʛʦ ʧʦʢʦʣʽʥʥʷ 4G. ɯʩʥʫʶʪʴ ʜʚʘ 

ʨʽʟʥʦʚʠʜʠ WiMAX:  

- 802.16-2004 (ʚʽʜʦʤʠʡ ʪʘʢʦʞ ʷʢ 802.16d ʽ ʬʽʢʩʦʚʘʥʠʡ 

WiMAX).  ʉʧʝʮʠʬʽʢʘʮʽʷ ʟʘʪʚʝʨʜʞʝʥʘ ʚ 2004 ʨʦʮʽ. ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʦʨʪʦʛʦʥʘʣʴʥʦ-ʯʘʩʪʦʪʥʝ ʤʫʣʴʪʠʧʣʝʢʩʫʚʘʥʥʷ (Orthogonal Frequency-Division 

Multiplexing (OFDM), ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʬʽʢʩʦʚʘʥʠʡ ʜʦʩʪʫʧ ʚ ʟʦʥʘʭ ʟ ʥʘʷʚʥʽʩʪʶ ʘʙʦ 

ʚʽʜʩʫʪʥʽʩʪʶ ʧʨʷʤʦʾ ʚʠʜʠʤʦʩʪʽ. ʇʨʠʟʥʘʯʝʥʽ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ ʧʨʠʩʪʨʦʾ ʷʚʣʷʶʪʴ 

ʩʦʙʦʶ ʩʪʘʮʽʦʥʘʨʥʽ ʤʦʜʝʤʠ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʦʟʘ ʽ ʚʩʝʨʝʜʠʥʽ ʧʨʠʤʽʱʝʥʴ, ʘ 

ʪʘʢʦʞ PCMCIA-ʢʘʨʪʠ (Personal Computer Memory Card International 

Associattion) ʜʣʷ ʥʦʫʪʙʫʢʽʚ. ʋ ʙʽʣʴʰʦʩʪʽ ʢʨʘʾʥ ʧʽʜ ʮʶ ʪʝʭʥʦʣʦʛʽʶ ʚʽʜʚʝʜʝʥʽ 

ʜʽʘʧʘʟʦʥʠ 3,5 ʽ 5 ɻɻʮ.  

- 802.16-2005 (ʚʽʜʦʤʠʡ ʪʘʢʦʞ ʷʢ 802.16e ʽ ʤʦʙʽʣʴʥʠʡ 

WiMAX).  ʉʧʝʮʠʬʽʢʘʮʽʷ ʟʘʪʚʝʨʜʞʝʥʘ ʚ 2005 ʨʦʮʽ. ʎʝ ʥʦʚʠʡ ʚʠʪʦʢ ʨʦʟʚʠʪʢʫ 

ʪʝʭʥʦʣʦʛʽʾ ʬʽʢʩʦʚʘʥʦʛʦ ʜʦʩʪʫʧʫ 802.16d. ʆʧʪʠʤʽʟʦʚʘʥʘ ʜʣʷ ʧʽʜʪʨʠʤʢʠ 

ʤʦʙʽʣʴʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ ʚʝʨʩʽʷ ʧʽʜʪʨʠʤʫʻ ʨʷʜ ʩʧʝʮʠʬʽʯʥʠʭ ʬʫʥʢʮʽʡ, ʪʘʢʠʭ ʷʢ 
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ʭʝʥʜʦʚʝʨ, idle mode ʽ ʨʦʫʤʽʥʛ. ɿʘʩʪʦʩʦʚʫʻʪʴʩʷ ʤʘʩʰʪʘʙʦʚʘʥʠʡ OFDM-ʜʦʩʪʫʧ 

(Scalable Orthogonal Frequency-Division Multiplexing Access (SOFDMA), 

ʤʦʞʣʠʚʘ ʨʦʙʦʪʘ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʘʙʦ ʚʽʜʩʫʪʥʦʩʪʽ ʧʨʷʤʦʾ ʚʠʜʠʤʦʩʪʽ. ʇʣʘʥʦʚʘʥʽ 

ʯʘʩʪʦʪʥʽ ʜʽʘʧʘʟʦʥʠ ʜʣʷ ʤʝʨʝʞ Mobile WiMAX ʪʘʢʽ: 2,3-2,5; 2,5-2,7; 3,4-3,8 ɻɻʮ.  

ʆʩʥʦʚʥʘ ʚʽʜʤʽʥʥʽʩʪʴ ʜʚʦʭ ʪʝʭʥʦʣʦʛʽʡ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʬʽʢʩʦʚʘʥʠʡ 

WiMAX ʜʦʟʚʦʣʷʻ ʦʙʩʣʫʛʦʚʫʚʘʪʠ ʪʽʣʴʢʠ çʩʪʘʪʠʯʥʠʭè ʘʙʦʥʝʥʪʽʚ, ʘ ʤʦʙʽʣʴʥʠʡ 

ʦʨʽʻʥʪʦʚʘʥʠʡ ʥʘ ʨʦʙʦʪʫ ʟ ʢʦʨʠʩʪʫʚʘʯʘʤʠ, ʱʦ ʧʝʨʝʩʫʚʘʶʪʴʩʷ ʟʽ ʰʚʠʜʢʽʩʪʶ 

ʜʦ 150 ʢʤ/ʛ. ʄʦʙʽʣʴʥʽʩʪʴ ʦʟʥʘʯʘʻ ʥʘʷʚʥʽʩʪʴ ʬʫʥʢʮʽʡ ʨʦʫʤʽʥʛʫ ʽ ʧʝʨʝʤʠʢʘʥʥʷ 

ʤʽʞ ʙʘʟʦʚʠʤʠ ʩʪʘʥʮʽʷʤʠ ʧʨʠ ʧʝʨʝʩʫʚʘʥʥʽ ʘʙʦʥʝʥʪʘ (ʷʢ ʚ ʤʝʨʝʞʘʭ ʩʪʽʣʴʥʠʢʦʚʦʛʦ 

ʟʚ'ʷʟʢʫ) ʙʝʟ ʚʪʨʘʪʠ ʷʢʦʩʪʽ ʟʚôʷʟʢʫ. ɺ ʦʢʨʝʤʦʤʫ ʚʠʧʘʜʢʫ ʤʦʙʽʣʴʥʠʡ WiMAX 

ʤʦʞʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʽ ʜʣʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʬʽʢʩʦʚʘʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ. ʆʩʥʦʚʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʘʥʜʘʨʪʽʚ ʥʘʚʝʜʝʥʽ ʚ ʊʘʙʣʠʮʽ 1.1. 

 

ʊʘʙʣʠʮʷ 1.1 ï ʇʦʨʽʚʥʷʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʪʘʥʜʘʨʪʽʚ 

ʉʪʘʥʜʘʨʪ ɺʠʢʦʨʠʩʪʘʥʥʷ ʇʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʈʘʜʽʫʩ ʜʽʾ ʏʘʩʪʦʪʠ 

802.16d WMAN ʜʦ 75ʄʙʽʪ/ʩ 25-80 ʢʤ 1,5-11ɻɻʮ 

802.16e MOBILE WMAN ʜʦ 40ʄʙʪ̔/ʩ 1-5 ʢʤ 2,3-13,6 ɻɻʮ 

 

ɿʛʘʜʘʥʘ ʤʦʜʝʣʴ ʧʝʨʝʜʙʘʯʘʻ ʦʙ'ʻʜʥʘʥʫ ʘʨʭʽʪʝʢʪʫʨʫ ʤʝʨʝʞʽ (ʈʠʩ. 1.1) ʟ 

ʧʽʜʪʨʠʤʢʦʶ ʬʽʢʩʦʚʘʥʦʛʦ, ʧʝʨʝʤʽʱʫʚʘʥʦʛʦ ʽ ʤʦʙʽʣʴʥʦʛʦ ʜʦʩʪʫʧʫ [72-81]. 

 

ʈʠʩ. 1.1. ɸʨʭʽʪʝʢʪʫʨʘ ʤʝʨʝʞʽ WiMAX  [81] 
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ʄʦʜʫʣʴʥʠʡ ʭʘʨʘʢʪʝʨ ʜʘʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ ʽ ʾʾ ʛʥʫʯʢʽʩʪʴ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ 

ʤʝʨʝʞʽ ʨʽʟʥʦʛʦ ʤʘʩʰʪʘʙʫ. 

ɸʨʭʽʪʝʢʪʫʨʘ ʤʝʨʝʞʽ WiMAX ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʭ ʝʣʝʤʝʥʪʽʚ: 

- ASN GW ï ʰʣʶʟ ʤʝʨʝʞʽ Access Service Network (ASN Gateway). 

- MIP-HA ï ʜʦʤʘʰʥʽʡ ʘʛʝʥʪ Mobile IP (Home agent Mobile Internet 

Protocol). 

- OSS ï ʩʠʩʪʝʤʠ ʤʝʨʝʞʝʚʦʛʦ ʫʧʨʘʚʣʽʥʥʷ (Operational Support Systems). 

- ASP ï ʧʨʦʚʘʡʜʝʨ ʩʝʨʚʽʩʥʠʭ ʜʦʜʘʪʢʽʚ (Application Service Provider). 

- CSN ï ʤʝʨʝʞʘ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʧʦʩʣʫʛ (Connectivity Service Network ). 

- BS ï ʙʘʟʦʚʘʷ ʩʪʘʥʮʽʷ (Base Station). ʆʩʥʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ ʻ 

ʚʩʪʘʥʦʚʣʝʥʥʷ, ʧʽʜʪʨʠʤʘʥʥʷ ʪʘ ʨʦʟ'ʻʜʥʘʥʥʷ ʨʘʜʽʦ ʟ'ʻʜʥʘʥʴ. ʂʨʽʤ ʪʦʛʦ, ʚʠʢʦʥʫʻ 

ʦʙʨʦʙʢʫ ʩʠʛʥʘʣʽʟʘʮʽʾ, ʘ ʪʘʢʦʞ ʨʦʟʧʦʜʽʣ ʨʝʩʫʨʩʽʚ ʩʝʨʝʜ ʘʙʦʥʝʥʪʽʚ. 

- MS ï  ʩʪʘʥʮʽʷ ʢʦʨʠʩʪʫʚʘʯʘ (ʤʦʙʣ̔ʴʥʘ) (Mobile Station). 

LTE ï ʥʘʡʰʚʠʜʰʘ ʪʝʭʥʦʣʦʛʽʷ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʚ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞʘʭ. 

ʎʝʡ ʩʪʘʥʜʘʨʪ ʨʦʟʨʦʙʣʝʥʠʡ ʽ ʟʘʪʚʝʨʜʞʝʥʠʡ ʤʽʞʥʘʨʦʜʥʠʤ ʧʘʨʪʥʝʨʩʴʢʠʤ 

ʦʙ'ʻʜʥʘʥʥʷʤ 3 GPP (Generation Partnership Project) ʜʣʷ ʧʦʙʫʜʦʚʠ ʙʝʟʧʨʦʚʦʜʦʚʦʛʦ 

ʟʚ'ʷʟʢʫ 4G. ɹʘʟʫʶʯʠʩʴ ʥʘ IP-ʪʝʭʥʦʣʦʛʽʾ, LTE ʧʝʨʝʜʙʘʯʘʻ ʪʝʦʨʝʪʠʯʥʫ ʧʨʦʧʫʩʢʥʫ 

ʟʜʘʪʥʽʩʪʴ ʜʦ 326,4 ʄʙʽʪ/ʩ ʥʘ ʧʨʠʡʦʤ ʽ ʜʦ 172.8 ʄʙʽʪ/ʩ ʥʘ ʧʝʨʝʜʘʯʫ. ʇʨʠ ʮʴʦʤʫ 

ʨʘʜʽʫʩ ʢʦʞʥʦʾ ʦʢʨʝʤʦ ʚʟʷʪʦʾ ʙʘʟʦʚʦʾ ʩʪʘʥʮʽʾ ʧʨʠ ʦʧʪʠʤʘʣʴʥʠʭ ʫʤʦʚʘʭ ʩʪʘʥʦʚʠʪʴ 

ʙʣʠʟʴʢʦ 5 ʢʤ, ʚ ʨʘʟʽ ʥʝʦʙʭʽʜʥʦʩʪʽ ʨʘʜʽʫʩ ʤʦʞʥʘ ʟʙʽʣʴʰʠʪʠ ʜʦ ʢʽʣʴʢʦʭ ʜʝʩʷʪʢʽʚ 

ʢʽʣʦʤʝʪʨʽʚ ʟʘ ʨʘʭʫʥʦʢ ʧʽʜʥʷʪʪʷ ʘʥʪʝʥʠ, ʽ ʚʽʥ ʤʦʞʝ ʩʢʣʘʩʪʠ 30 ʢʤ ʘʙʦ ʥʘʚʽʪʴ  

100 ʢʤ [72-76]. 

ʅʘ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʻ ʜʚʘ ʚʘʨʽʘʥʪʠ ʧʦʙʫʜʦʚʠ ʤʝʨʝʞ LTE: 

- ʨʦʟʛʦʨʪʘʪʠ ʤʝʨʝʞʽ LTE ʧʦʚʝʨʭ ʽʩʥʫʶʯʠʭ ʩʠʩʪʝʤ 2-ʛʦ ʽ 3-ʛʦ ʧʦʢʦʣʽʥʥʷ 

(2G ʪʘ 3G); 

- ʙʫʜʫʚʘʪʠ ʤʝʨʝʞʽ ʨʘʜʽʦʜʦʩʪʫʧʫ RAN (Radio Access Network) ʟ 

ʧʽʜʪʨʠʤʢʦʶ ʨʽʟʥʠʭ ʩʪʘʥʜʘʨʪʽʚ, ʚ ʪʦʤʫ ʯʠʩʣʽ LTE, 2G  ̔ 3G ʚ ʦʜʥʽʡ ʙʘʟʦʚʽʡ 

ʩʪʘʥʮʽʾ. 
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ʄʝʨʝʞʘ LTE ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʢʦʤʧʦʥʝʥʪʽʚ [79-83]: 

ʤʝʨʝʞʽ ʨʘʜʽʦʜʦʩʪʫʧʫ E-UTRAN (Evolved Universal Terrestrial Radio Access 

Network) ʽ ʙʘʟʦʚʦʾ ʤʝʨʝʞʽ SAE (System Architecture Evoluton) (ʈʠʩ. 1.2). 

 

ʈʠʩ. 1.2. ɺʟʘʻʤʦʜʽʷ E-UTRAN  ̔SAE [79] 

ɸʨʭʽʪʝʢʪʫʨʘ ʙʘʟʦʚʦʾ ʤʝʨʝʞʽ SAE ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 1.3. 

 

ʈʠʩ. 1.3. ɽʪʘʣʦʥʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʙʘʟʦʚʦʾ ʤʝʨʝʞʽ SAE [79] 

ʆʩʥʦʚʥʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʝʣʝʤʝʥʪʠ: 

- Serving SAE Gateway ʘʙʦ Serving Gateway (SGW) ï ʦʙʩʣʫʛʦʚʫʶʯʠʡ 

ʰʣʶʟ ʤʝʨʝʞʽ LTE. ʇʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʦʙʨʦʙʢʠ ʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʧʘʢʝʪʥʠʭ ʜʘʥʠʭ, 

ʱʦ ʥʘʜʭʦʜʷʪʴ ʚʽʜ/ʜʦ ʧʽʜʩʠʩʪʝʤʠ ʙʘʟʦʚʠʭ ʩʪʘʥʮʽʡ. ʇʦ ʩʫʪʽ, ʟʘʤʽʥʶʻ MSC, MGW ʽ 
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SGSN ʤʝʨʝʞʽ UMTS. SGW ʤʘʻ ʧʨʷʤʝ ʩʧʦʣʫʯʝʥʥʷ ʟ ʤʝʨʝʞʘʤʠ ʜʨʫʛʦʛʦ ʽ 

ʪʨʝʪʴʦʛʦ ʧʦʢʦʣʽʥʴ ʪʦʛʦ ʞ ʦʧʝʨʘʪʦʨʘ, ʱʦ ʩʧʨʦʱʫʻ ʧʝʨʝʜʘʯʫ ʟ'ʻʜʥʘʥʥʷ ʚʽʜ/ʜʦ ʥʠʭ 

ʟ ʧʨʠʯʠʥ ʧʦʛʽʨʰʝʥʥʷ ʟʦʥʠ ʧʦʢʨʠʪʪʷ, ʧʝʨʝʚʘʥʪʘʞʝʥʴ ʪʦʱʦ. 

- Public Data Network (PDN) SAE Gateway ʘʙʦ PDN Gateway (PGW) ï 

ʰʣʶʟ ʚʽʜ/ʜʦ ʤʝʨʝʞ ʽʥʰʠʭ ʦʧʝʨʘʪʦʨʽʚ. ʗʢʱʦ ʽʥʬʦʨʤʘʮʽʷ (ʛʦʣʦʩ, ʜʘʥʽ) 

ʧʝʨʝʜʘʶʪʴʩʷ ʚʽʜ/ʜʦ ʤʝʨʝʞʽ ʜʘʥʦʛʦ ʦʧʝʨʘʪʦʨʘ, ʪʦ ʚʦʥʠ ʤʘʨʰʨʫʪʠʟʫʶʪʴʩʷ ʩʘʤʝ 

ʯʝʨʝʟ PGW. 

- Mobility Management Entity (MME) ï ʚʫʟʦʣ ʫʧʨʘʚʣʽʥʥʷ ʤʦʙʽʣʴʥʽʩʪʶ. 

ʇʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ çʝʩʪʘʬʝʪʥʦʾ ʧʝʨʝʜʘʯʽè (ʭʝʥʜʦʚʝʨʘ) ʤʽʞ ʙʘʟʦʚʠʤʠ 

ʩʪʘʥʮʽʷʤʠ ʤʝʨʝʞʽ LTE, ʘ ʪʘʢʦʞ ʤʝʨʝʞ ʜʨʫʛʦʛʦ ʽ ʪʨʝʪʴʦʛʦ ʧʦʢʦʣʽʥʴ ʜʘʥʦʛʦ 

ʦʧʝʨʘʪʦʨʘ. 

- Home Subscriber Server (HSS) ï ʩʝʨʚʝʨ ʘʙʦʥʝʥʪʩʴʢʠʭ ʜʘʥʠʭ. HSS ʻ 

ʦʙ'ʻʜʥʘʥʥʷʤ VLR (Visitors Location Register), HLR (Home Location Register), 

AUC (Authentication Center), ʚʠʢʦʥʘʥʠʭ ʚ ʦʜʥʦʤʫ ʧʨʠʩʪʨʦʾ. 

- Policy and Charging Rules Function  (PCRF) ï ʚʫʟʦʣ ʚʠʩʪʘʚʣʝʥʥʷ 

ʨʘʭʫʥʢʽʚ ʘʙʦʥʝʥʪʘʤ ʟʘ ʥʘʜʘʥʽ ʧʦʩʣʫʛʠ ʟʚ'ʷʟʢʫ. 

ɼʘʤʦ ʧʦʨʽʚʥʷʣʴʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʤʝʨʝʞ WiMAX   ̔LTE: 

- ʦʙʠʜʚʽ ʤʝʨʝʞʽ ʧʦʟʠʮʽʦʥʫʶʪʴʩʷ ʷʢ ʥʘʜʢʣʘʩ 3G-ʤʝʨʝʞ; 

- ʦʙʠʜʚʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʝʭʥʦʣʦʛʽʶ MIMO ʪʘ ʧʝʨʝʜʘʯʫ OFDM; 

- ʤʘʢʩʠʤʘʣʴʥʽ ʰʚʠʜʢʦʩʪʽ (ʧʨʠʙʣʠʟʥʦ) 100ʄʙʪ̔/ʩ ï ʜʣʷ WiMAX , 

300ʄʙ̔ʪ/ʩ ï ʜʣʷ LTE; 

- ʤʝʨʝʞʽ WiMAX  ʜʦʚʦʜʠʪʴʩʷ ʙʫʜʫʚʘʪʠ ʟ ʟ ʩʘʤʦʛʦ ʧʦʯʘʪʢʫ, ʚ ʪʦʡ ʯʘʩ ʷʢ 

ʜʣʷ LTE ʜʦʩʠʪʴ ʣʠʰʝ ʤʦʜʠʬʽʢʫʚʘʪʠ ʦʙʣʘʜʥʘʥʥʷ; 

- ʨʦʙʦʯʽ ʯʘʩʪʦʪʠ LTE ï 400..2700 ʄɻʮ, WiMAX ï 5,47..5,67 ɻɻʮ (ʚ 

ʋʢʨʘʾʥʽ); 

- ʘʙʦʥʝʥʪʠ LTE ï ʮʝ ʘʙʦʥʝʥʪʠ ʤʦʙʽʣʴʥʠʭ ʦʧʝʨʘʪʦʨʽʚ, ʘ ʜʣʷ WiMAX 

ʘʙʦʥʝʥʪʩʴʢʫ ʙʘʟʫ ʥʝʦʙʭʽʜʥʦ ʱʝ ʥʘʢʦʧʠʯʠʪʠ. 

ɺ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʟʜʽʡʩʥʶʻʪʴʩʷ ʨʦʟʨʦʙʢʘ ʩʪʘʥʜʘʨʪʫ ʧô̫ ʪʦʛʦ ʧʦʢʦʣʽʥʥʷ 

ʤʦʙʽʣʴʥʦʛʦ ʟʚô̫ ʟʢʫ 5G, ʷʢʠʡ ʙʘʟʫʻʪʴʩʷ ʥʘ ʩʪʘʥʜʘʨʪʘʭ ʤʦʙʽʣʴʥʠʭ ʤʝʨʝʞ 4G/IMT-

Advanced ʪʘ WiMax. ʄʦʙʽʣʴʥʠʡ ʟʚôʷʟʦʢ ʧôʷʪʦʛʦ ʧʦʢʦʣʽʥʥʷ 5G, ʷʢʠʡ ʱʝ ʥʝ 

http://ru.wikipedia.org/w/index.php?title=Policy_and_Charging_Rules_Function&action=edit&redlink=1
https://uk.wikipedia.org/wiki/4G
https://uk.wikipedia.org/w/index.php?title=IMT-Advanced&action=edit&redlink=1
https://uk.wikipedia.org/w/index.php?title=IMT-Advanced&action=edit&redlink=1
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ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʠʡ, ʙʫʜʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʘʡʥʦʚʽʪʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ 

ʤʦʜʫʣʷʮʽʾ ʚ ʧʦʻʜʥʘʥʥʽ ʟ ʩʠʩʪʝʤʘʤʠ MIMO, ʘʜʘʧʪʠʚʥʽ ʊʂ ʪʘ ʢʦʜʠ ʟ ʤʘʣʦʶ 

ʧʝʨʝʚʽʨʢʦʶ ʥʘ ʧʘʨʥʽʩʪʴ ï LDPC-ʢʦʜʠ (Low-density parity-check code), ʤʝʪʦʜʠ 

ʜʠʥʘʤʽʯʥʦʾ ʘʜʘʧʪʠʚʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʪʘ ʽʥʰʝ. ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ 5G 

ʟʘʙʝʟʧʝʯʫʚʘʪʠʤʝ ʙʽʣʴʰ ʚʠʩʦʢʫ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʝʭʥʦʣʦʛʽʷʤʠ 

4G, ʱʦ ʜʦʟʚʦʣʠʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʙʽʣʴʰʫ ʜʦʩʪʫʧʥʽʩʪʴ ʰʠʨʦʢʦʩʤʫʛʦʚʦʛʦ 

ʤʦʙʽʣʴʥʦʛʦ ʟʚʷʟʢʫ ʪʘ ɯʥʪʝʨʥʝʪʫ.  

ʇʦʨʷʜ ʟ ʤʦʙʽʣʴʥʠʤʠ ʤʝʨʝʞʘʤʠ ʧʦʢʦʣʽʥʥʷ 5G, ʷʢʽ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʚôʷʟʢʦʤ ʮʠʚʽʣʴʥʦʛʦ ʥʘʩʝʣʝʥʥʷ ʟ ʧʽʜʚʠʱʝʥʠʤʠ ʚʠʤʦʛʘʤʠ ʜʦ 

ʧʨʦʧʫʩʢʥʦʾ ʩʧʨʦʤʦʞʥʦʩʪʽ, ʚ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʬʫʥʢʮʽʦʥʫʶʪʴ ʪʘ ʚʜʦʩʢʦʥʘʣʶʶʪʴʩʷ 

ʚʽʜʦʤʯʽ ɹɿʇɼ. ɺʽʜʦʤʯʽ ɹɿʇɼ ʤʘʶʪʴ ʩʚʦʶ ʚʣʘʩʥʫ ʪʨʘʥʩʧʦʨʪʥʫ ʤʝʨʝʞʫ ʧʝʨʝʜʘʯʽ 

ʜʘʥʠʭ. 

ɼʣʷ ʚʽʜʦʤʯʠʭ ɹɿʇɼ ʚʠʩʫʚʘʶʪʴʩʷ ʧʽʜʚʠʱʝʥʽ ʚʠʤʦʛʠ ʜʦ ʜʦʩʪʦʚʽʨʥʦʩʪʽ 

ʽʥʬʦʨʤʘʮʽʾ, ʩʢʨʠʪʥʦʩʪʽ, ʮʽʣʽʩʥʦʩʪʽ ʪʘ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ. ɺʽʜʦʤʯʽ ɹɿʇɼ ʟʜʘʪʥʽ 

ʚʠʢʦʥʫʚʘʪʠ ʟʘʚʜʘʥʥʷ ʱʦʜʦ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʚ ʫʤʦʚʘʭ ʚʧʣʠʚʫ ʥʘʚʤʠʩʥʠʭ ʟʘʚʘʜ, 

ʷʢʽ ʩʪʚʦʨʶʶʪʴʩʷ ʩʧʝʮʽʘʣʴʥʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʦʾ ʧʨʦʪʠʜʽʾ.  

ʉʠʩʪʝʤʠ ʤʦʙʽʣʴʥʦʛʦ ʟʚô̫ ʟʢʫ ʮʠʚʽʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʪʘʢʦʞ ʤʦʞʫʪʴ 

ʧʦʪʨʘʧʠʪʠ ʧʽʜ ʚʧʣʠʚ ʥʘʚʤʠʩʥʠʭ ʟʘʚʘʜ ʘʙʦ ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʧʦʪʫʞʥʠʭ ʟʘʚʘʜ 

ʧʨʠʨʦʜʥʦʛʦ ʯʠ ʧʨʦʤʠʩʣʦʚʦʛʦ ʧʦʭʦʜʞʝʥʥʷ, ʷʢʽ ʟʥʘʯʥʦ ʟʥʠʞʫʶʪʴ ʜʦʩʪʦʚʽʨʥʽʩʪʴ 

ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ. 

ɺ ʫʤʦʚʘʭ ʚʧʣʠʚʫ ʟʘʚʘʜ ʢʘʥʘʣʠ ʟʚ'ʷʟʢʫ ʤʘʶʪʴ ʧʽʜʚʠʱʝʥʠʡ ʨʽʚʝʥʴ ʰʫʤʫ, 

ʚʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʟʥʠʞʫʻʪʴʩʷ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʧʝʨʝʜʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. ʉʠʩʪʝʤʘ LTE 

ʨʦʟʨʦʙʣʝʥʘ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʟ ʡʤʦʚʽʨʥʽʩʪʶ ʧʦʤʠʣʢʠ 10
-6
, ʚʽʜʦʤʯʽ 

ʤʝʨʝʞʽ ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʨʦʟʨʦʙʣʝʥʽ ʜʣʷ ʡʤʦʚʽʨʥʦʩʪʽ ʧʦʤʠʣʢʠ 10
-3
, 

ʪʦʤʫ ʧʨʠʥʮʠʧʠ, ʷʢʽ ʟʘʢʣʘʜʝʥʽ ʚ ʤʝʨʝʞʘʭ LTE ʥʝ ʟʘʚʞʜʠ ʧʽʜʭʦʜʷʪʴ. 

ʊʦʤʫ ʧʦʩʪʘʻ ʧʠʪʘʥʥʷ ʨʦʟʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʚ ʫʤʦʚʘʭ ʚʧʣʠʚʫ ʧʦʪʫʞʥʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʟʘʚʘʜ. 
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Vy[A(t)]  ɸ(t) 

ɼʞʝʨʝʣʦ 

ʟʘʚʘʜ 

 ɺ(t) 

 ʫ(t)  Z(t) 
 + 

 ʈʠʩ. 1.4. ʇʨʦʭʦʜʞʝʥʥʷ ʩʠʛʥʘʣʫ ʯʝʨʝʟ 

                         ʢʘʥʘʣ ʟʚô̫ ʟʢʫ  

ʢʘʥʘʣ ʟʚôʷʟʢʫ  

1.2. ɸʥʘʣʽʟ ʦʩʥʦʚʥʠʭ ʬʘʢʪʦʨʽʚ, ʱʦ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ 

ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʚ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʟʘʩʦʙʘʭ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ 

 

ʂʘʥʘʣ ʟʚôʷʟʢʫ ʻ ʥʘʡʚʘʞʣʠʚʽʰʦʶ ʪʘ ʥʝʚʽʜôʻʤʥʦʶ ʯʘʩʪʠʥʦʶ ʙʫʜʴ-ʷʢʦʾ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ. ʋ ʢʘʥʘʣʽ ʟʚôʷʟʢʫ ʩʠʛʥʘʣ ɸ(t) ʧʽʜʜʘʻʪʴʩʷ ʚʧʣʠʚʫ 

ʧʨʠʨʦʜʥʴʦʛʦ ʟʘʛʘʩʘʥʥʷ (ʦʩʣʘʙʣʝʥʥʷ) ʽ ʰʪʫʯʥʦʛʦ ʧʦʩʠʣʝʥʥʷ [12, 22]. ɺʽʜʦʤʦ, ʱʦ 

ʜʦʩʪʦʚʽʨʥʫ ʧʝʨʝʜʘʯʫ ʩʠʛʥʘʣʽʚ ʟʘʙʝʟʧʝʯʫʻ ʣʽʥʽʡʥʘ ʩʠʩʪʝʤʘ ʟ ʨʽʚʥʦʤʽʨʥʠʤʠ 

ʘʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʠʤʠ ʽ ʣʽʥʽʡʥʠʤʠ ʬʘʟʦ-ʯʘʩʪʦʪʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʚ ʩʤʫʟʽ 

ʯʘʩʪʦʪ ʩʠʛʥʘʣʫ. ʆʯʝʚʠʜʥʦ, ʱʦ ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʫʤʦʚʠ ʜʣʷ ʨʝʘʣʴʥʠʭ ʢʘʥʘʣʽʚ 

ʧʝʨʝʜʘʯʽ ʚ ʧʝʨʝʚʘʞʥʽʡ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʥʝ ʚʠʢʦʥʫʶʪʴʩʷ. ʊʦʤʫ ʚ ʧʨʦʮʝʩʽ 

ʧʝʨʝʜʘʯʽ ʩʠʛʥʘʣ ɸ(t) ʩʧʦʪʚʦʨʶʻʪʴʩʷ. ʆʩʣʘʙʣʝʥʠʡ ʽ ʩʧʦʪʚʦʨʝʥʠʡ ʩʠʛʥʘʣ ʥʘ 

ʚʠʭʦʜʽ ʢʘʥʘʣʫ ʧʝʨʝʜʘʯʽ ʧʦʟʥʘʯʠʤʦ ʫ(t) (ʨʠʩ. 1.4).  

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʜʽ ʚʧʣʠʚ ʢʘʥʘʣʫ ʧʝʨʝʜʘʯʽ (ʷʢ ʩʫʢʫʧʥʽʩʪʴ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ 

ʽ ʩʝʨʝʜʦʚʠʱʘ ʧʦʰʠʨʝʥʥʷ) ʥʘ ʢʦʨʠʩʥʠʡ ʩʠʛʥʘʣ ɸ(t), ʱʦ ʧʦʣʷʛʘʻ ʚ ʡʦʛʦ 

ʦʩʣʘʙʣʝʥʥʽ ʽ ʩʧʦʪʚʦʨʝʥʥʽ, ʤʦʞʝ ʙʫʪʠ ʚʠʨʘʞʝʥʠʡ ʦʧʝʨʘʪʦʨʦʤ [12, 22] 

[ ])()( tAVty y= ,                                                  (1.1) 

ʜʝ yV  - ʩʠʤʚʦʣ ʦʧʝʨʘʪʦʨʘ, ʱʦ ʤʘʪʝʤʘʪʠʯʥʦ ʦʧʠʩʫʻ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʠʛʥʘʣʫ ɸ(t) ʫ 

ʧʨʦʮʝʩʽ ʡʦʛʦ ʧʨʦʭʦʜʞʝʥʥʷ ʯʝʨʝʟ ʢʘʥʘʣ ʧʝʨʝʜʘʯʽ. 

 

 

 

 

 

  

 

 

 

ʎʝʡ ʦʧʝʨʘʪʦʨ ʤʦʞʝ ʙʫʪʠ ʷʢ ʣʽʥʽʡʥʠʤ, ʪʘʢ ʽ, ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ, 

ʥʝʣʽʥʽʡʥʠʤ. ʂʦʥʢʨʝʪʥʠʡ ʡʦʛʦ ʚʠʜ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʝʭʥʽʯʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ɹɿʇɼ, 

ʱʦ ʚʭʦʜʠʪʴ ʫ ʢʘʥʘʣ ʧʝʨʝʜʘʯʽ, ʽ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʩʝʨʝʜʦʚʠʱʘ ʧʦʰʠʨʝʥʥʷ. 
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ɺ ʢʘʥʘʣʘʭ ʟ ʨʦʟʩʽʶʚʘʥʥʷʤ ʨʘʜʽʦʭʚʠʣʴ ʩʠʛʥʘʣ ʧʦʰʠʨʶʻʪʴʩʷ ʜʝʢʽʣʴʢʦʤʘ 

ʰʣʷʭʘʤʠ. ʅʘ ʘʥʪʝʥʫ ʧʨʠʡʤʘʯʘ ʚʧʣʠʚʘʶʪʴ ʢʽʣʴʢʘ ʧʨʦʤʝʥʽʚ, ʪʦʤʫ ʮʝ ʷʚʠʱʝ 

ʥʘʟʠʚʘʻʪʴʩʷ ʙʘʛʘʪʦʧʨʦʤʝʥʝʚʽʩʪʴʶ.  

ʉʫʯʘʩʥʽ ɹɿʇɼ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʤʽʩʪʘʭ ʽ ʧʨʠʤʽʩʴʢʠʭ ʟʦʥʘʭ ʽ ʧʨʘʮʶʶʪʴ 

ʫ ʜʽʘʧʘʟʦʥʽ ʚʽʜ ʩʦʪʝʥʴ ʜʦ ʪʠʩʷʯ ʤʝʛʘʛʝʨʮ. ʋ ɹɿʇɼ ʩʪʽʣʴʥʠʢʦʚʦʛʦ ʟʚôʷʟʢʫ ʢʘʥʘʣ 

ʟʚôʷʟʢʫ, ʷʢ ʬʽʟʠʯʥʝ ʩʝʨʝʜʦʚʠʱʝ ʧʦʰʠʨʝʥʥʷ ʨʘʜʽʦʭʚʠʣʴ, ʙʝʟʩʫʤʥʽʚʥʦ, ʤʘʻ ʩʚʦʶ 

ʩʧʝʮʠʬʽʢʫ, ʘ ʩʘʤʝ: ʟʦʥʠ ʜʽʾ ʩʪʽʣʴʥʠʢʦʚʦʛʦ ʟʚôʷʟʢʫ - ʤʽʩʪʘ ʽ ʧʨʠʤʽʩʴʢʽ ʟʦʥʠ - 

ʨʘʡʦʥʠ ʟ ʪʽʻʶ ʘʙʦ ʽʥʰʦʶ ʱʽʣʴʥʽʩʪʶ ʟʘʙʫʜʦʚʠ; ʤʦʙʽʣʴʥʘ ʩʪʘʥʮʽʷ (Mʉ), ʷʢ 

ʧʨʘʚʠʣʦ, ʧʝʨʝʙʫʚʘʻ ʧʦʟʘ ʟʦʥʦʶ ʧʨʷʤʦʾ ʨʘʜʽʦʧʝʨʝʜʘʯʽ ʙʘʟʦʚʦʾ ʩʪʘʥʮʽʾ (ɹʉ) ʽ 

ʩʠʛʥʘʣʠ ʚ ʪʦʯʢʫ ʧʨʠʡʦʤʫ ʥʘʜʭʦʜʷʪʴ ʫ ʭʦʜʽ ʧʝʨʝʚʽʜʙʠʪʪʷ ʽ ʜʠʬʨʘʢʮʽʾ; 

ʧʝʨʝʩʫʚʘʥʥʷ ʤʦʙʽʣʴʥʠʭ ʘʙʦʥʝʥʪʽʚ ʧʽʜ ʯʘʩ ʩʝʘʥʩʫ ʟʚôʷʟʢʫ ʚʥʦʩʠʪʴ ʫ ʩʠʛʥʘʣʠ 

ʜʦʧʣʝʨʦʚʩʴʢʽ ʯʘʩʪʦʪʥʽ ʟʜʚʠʛʠ; ʥʘʷʚʥʽʩʪʴ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʚʽʜʙʠʚʘʯʽʚ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʝʬʝʢʪʫ ʨʦʟʩʽʶʚʘʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʚʠʣʴ ʽ 

ʙʘʛʘʪʦʧʨʦʤʝʥʝʚʦʤʫ ʧʦʰʠʨʝʥʥʶ (Mʉ ʧʨʠʡʤʘʻ ʙʝʟʣʽʯ ʽʥʪʝʨʬʝʨʫʶʯʠʭ ʩʠʛʥʘʣʽʚ). 

ɺʥʘʩʣʽʜʦʢ ʚʽʜʟʥʘʯʝʥʠʭ ʷʚʠʱ ʫ ʢʘʥʘʣʽ ʟʚôʷʟʢʫ ʤʘʶʪʴ ʤʽʩʮʝ: ʟʘʛʘʩʘʥʥʷ 

ʩʠʛʥʘʣʽʚ; ʧʦʚʽʣʴʥʽ ʟʘʚʤʠʨʘʥʥʷ ʩʠʛʥʘʣʽʚ; ʰʚʠʜʢʽ ʟʘʚʤʠʨʘʥʥʷ ʩʠʛʥʘʣʽʚ. 

ɿʘʛʘʩʘʥʥʷ ʩʠʛʥʘʣʽʚ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʩʝʨʝʜʥʽʤʠ ʚʪʨʘʪʘʤʠ ʧʦʪʫʞʥʦʩʪʽ ʥʘ 

ʪʨʘʩʽ ʧʦʰʠʨʝʥʥʷ ʤʽʞ ɹɿʇɼ. ɺʝʣʠʯʠʥʘ ʚʪʨʘʪ ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʘʣʴʥʦʩʪʽ ʟʚôʷʟʢʫ, 

ʪʠʧʫ ʽ ʱʽʣʴʥʦʩʪʽ ʟʘʙʫʜʦʚʠ, ʥʝʩʫʯʦʾ ʯʘʩʪʦʪʠ, ʚʠʩʦʪʠ ʘʥʪʝʥ ʽ ʙʘʛʘʪʴʦʭ ʽʥʰʠʭ 

ʬʘʢʪʦʨʽʚ. 

ʇʦʚʽʣʴʥʽ ʟʤʽʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʥʘʣʫ ʧʝʨʝʜʘʯʽ ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʟʤʽʥʦʶ 

ʨʽʚʥʷ ʽ ʩʧʦʪʚʦʨʝʥʥʷʤ ʬʦʨʤʠ ʢʦʨʠʩʥʦʛʦ ʩʠʛʥʘʣʫ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʩʧʦʪʚʦʨʝʥʥʷ 

ʬʦʨʤʠ ʘʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʦʾ ʽ ʬʘʟʦ-ʯʘʩʪʦʪʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʥʘʣʫ ʧʨʠʚʦʜʠʪʴ 

ʜʦ ʩʧʦʪʚʦʨʝʥʥʷ ʩʧʝʢʪʨʘʣʴʥʠʭ ʱʽʣʴʥʦʩʪʝʡ. 

ʇʦʚʽʣʴʥʽ ʟʘʚʤʠʨʘʥʥʷ ʩʠʛʥʘʣʫ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʧʝʨʝʤʽʱʝʥʥʽ ʤʦʙʽʣʴʥʠʭ 

ʘʙʦʥʝʥʪʽʚ ʥʘ ʟʥʘʯʥʽ ʚʽʜʩʪʘʥʽ (ʙʽʣʴʰʝ 10ɚ, ɚ - ʜʦʚʞʠʥʘ ʭʚʠʣʽ) [12, 22]. ʋ ʭʦʜʽ 

ʪʘʢʠʭ ʧʝʨʝʤʽʱʝʥʴ ʪʨʘʩʘ ʧʦʰʠʨʝʥʥʷ ʩʠʛʥʘʣʫ ʤʽʞ ɹɿʇɼ ʚʩʪʠʛʘʻ ʟʥʘʯʥʦ 

ʟʤʽʥʠʪʠʩʷ: ʥʘ ʰʣʷʭʫ ʨʘʜʽʦʭʚʠʣʴ ʚʠʥʠʢʘʶʪʴ ʥʦʚʽ ʧʝʨʝʰʢʦʜʠ, ʦʩʥʦʚʥʽ ʧʨʦʤʝʥʽ 

ʧʨʠʭʦʜʷʪʴ ʥʘ ʚʭʽʜ ʧʨʠʡʤʘʯʘ ʧʦ ʜʝʢʽʣʴʢʦʭ ʤʘʨʰʨʫʪʘʭ. ɺʽʜʧʦʚʽʜʥʦ ʟʤʽʥʶʶʪʴʩʷ ʽ 

ʤʠʪʪʻʚʽ ʟʥʘʯʝʥʥʷ ʨʽʚʥʷ ʩʠʛʥʘʣʫ ʥʘ ʚʭʦʜʽ ʧʨʠʡʤʘʯʘ. 
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ʇʦʚʽʣʴʥʽ ʟʘʚʤʠʨʘʥʥʷ ʟʘʣʝʞʘʪʴ ʚʽʜ ʤʘʢʨʦʩʪʨʫʢʪʫʨʠ ʢʘʥʘʣʫ ʟʚôʷʟʢʫ, ʾʭʥʽ 

ʧʘʨʘʤʝʪʨʠ ʙʘʛʘʪʦ ʚ ʯʦʤʫ ʚʠʟʥʘʯʘʶʪʴʩʷ ʪʠʧʦʤ ʟʘʙʫʜʦʚʠ, ʨʝʣʴʻʬʦʤ ʤʽʩʮʝʚʦʩʪʽ, 

ʚʠʜʦʤ ʨʦʩʣʠʥʥʦʩʪʽ, ʰʚʠʜʢʽʩʪʶ ʤʦʙʽʣʴʥʦʛʦ ʘʙʦʥʝʥʪʘ ʪʦʱʦ. ʇʦʚʽʣʴʥʽ ʟʘʚʤʠʨʘʥʥʷ 

ʯʘʩʪʦ ʤʦʜʝʣʶʶʪʴ ʣʦʛʘʨʠʬʤʽʯʥʦ ʥʦʨʤʘʣʴʥʠʤ ʟʘʢʦʥʦʤ ʨʦʟʧʦʜʽʣʫ ʤʠʪʪʻʚʠʭ 

ʟʥʘʯʝʥʴ ʦʙʚʽʜʥʦʾ ʧʨʠʡʥʷʪʦʛʦ ʩʠʛʥʘʣʫ [12, 22]: 
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ʜʝ ʭ - ʟʥʘʯʝʥʥʷ ʦʙʚʽʜʥʦʾ ʩʠʛʥʘʣʫ; ʘ ̔ ů - ʧʘʨʘʤʝʪʨʠ ʨʦʟʧʦʜʽʣʫ. ʗʢ ʧʨʘʚʠʣʦ, ʫ 

ʚʝʣʠʢʠʭ ʤʽʩʪʘʭ ů
 2
 @ 10 ʜɹ, ʫ ʧʝʨʝʜʤʽʩʪʽ ů

2
 @ 6 ʜɹ. 

ʐʚʠʜʢʽ ʟʘʚʤʠʨʘʥʥʷ ʦʙʫʤʦʚʣʝʥʽ ʟʤʽʥʘʤʠ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʩʝʨʝʜʦʚʠʱʘ 

ʧʦʰʠʨʝʥʥʷ. ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʚʽʜʙʠʚʘʻ ʤʽʩʮʝʚʽ (ʣʦʢʘʣʴʥʽ) ʦʩʦʙʣʠʚʦʩʪʽ ʙʫʜʦʚʠ 

ʩʝʨʝʜʦʚʠʱʘ, ʦʙʫʤʦʚʣʝʥʽ ʚʠʭʨʦʚʠʤʠ, ʘ ʪʘʢʦʞ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʚ 

ʦʢʨʝʤʠʭ ʜʽʣʷʥʢʘʭ ʥʝʦʜʥʦʨʽʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ ʦʙʩʷʟʽ ʧʝʨʝʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

ʉʝʨʝʜʥʽʡ ʢʚʘʟʽʧʝʨʽʦʜ ʰʚʠʜʢʠʭ ʟʘʚʤʠʨʘʥʴ ʩʪʘʥʦʚʠʪʴ ʦʜʠʥʠʮʽ ʽ ʯʘʩʪʢʠ ʩʝʢʫʥʜʠ. 

ɻʣʠʙʠʥʘ ʰʚʠʜʢʠʭ ʟʘʚʤʠʨʘʥʴ ʤʦʞʝ ʜʦʩʷʛʘʪʠ 20...30 ʜɹ. ʂʨʽʤ ʛʣʠʙʠʥʠ, ʰʚʠʜʢʽ 

ʬʣʫʢʪʫʘʮʽʾ ʩʠʛʥʘʣʽʚ ʧʨʠʡʥʷʪʦ ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʰʚʠʜʢʽʩʪʶ ʪʘ ʩʝʨʝʜʥʴʦʶ 

ʪʨʠʚʘʣʽʩʪʶ ʟʘʚʤʠʨʘʥʴ. ʐʚʠʜʢʽʩʪʴ ʟʘʚʤʠʨʘʥʴ - ʮʝ ʢʽʣʴʢʽʩʪʴ ʧʝʨʝʪʠʥʘʥʴ ʦʙʚʽʜʥʦʾ 

ʜʝʷʢʦʛʦ ʨʽʚʥʷ (ʥʘʧʨʠʢʣʘʜ 3 ʜɹ) ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ. ʉʝʨʝʜʥʷ ʪʨʠʚʘʣʽʩʪʴ ʟʘʚʤʠʨʘʥʴ 

- ʮʝ ʩʝʨʝʜʥʷ ʪʨʠʚʘʣʽʩʪʴ ʽʥʪʝʨʚʘʣʫ ʯʘʩʫ, ʧʨʦʪʷʛʦʤ ʷʢʦʛʦ ʦʙʚʽʜʥʘ ʩʠʛʥʘʣʫ 

ʧʝʨʝʙʫʚʘʻ ʥʠʞʯʝ ʧʝʚʥʦʛʦ ʨʽʚʥʷ. ʈʦʟʧʦʜʽʣ ʤʠʪʪʻʚʠʭ ʟʥʘʯʝʥʴ ʦʙʚʽʜʥʦʾ ʰʚʠʜʢʦ 

ʟʘʚʤʠʨʘʶʯʦʛʦ ʩʠʛʥʘʣʫ ʯʘʩʪʦ ʦʧʠʩʫʶʪʴ ʟʘʢʦʥʦʤ ʈʝʣʝʷ-ʈʘʡʩʘ [12, 22]: 
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ʜʝ ů ʠ ʂ - ʧʘʨʘʤʝʪʨʠ ʨʦʟʧʦʜʽʣʫ; ɯ0(Å) - ʤʦʜʠʬʽʢʦʚʘʥʘ ʬʫʥʢʮʽʷ ɹʝʩʩʝʣʷ 

ʥʫʣʴʦʚʦʛʦ ʧʦʨʷʜʢʫ ʧʝʨʰʦʛʦ ʨʦʜʫ. 

ʇʘʨʘʤʝʪʨ ʂ ̫ʚʣʷʻ ʩʦʙʦʶ ʚʽʜʥʦʰʝʥʥʷ ʝʥʝʨʛʽʾ ʩʠʛʥʘʣʫ, ʷʢʠʡ ʧʨʠʡʥʷʪʠʡ ʧʦ 

ʧʨʷʤʦʤʫ ʧʨʦʤʝʥʶ (ʙʝʟ ʟʘʚʤʠʨʘʥʴ), ʜʦ ʩʫʤʘʨʥʦʾ ʝʥʝʨʛʽʾ ʨʦʟʩʽʷʥʠʭ ʩʠʛʥʘʣʽʚ  
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[12, 22]. ʗʢʱʦ ɹɿʇɼ ʧʝʨʝʙʫʚʘʻ ʧʦʟʘ ʟʦʥʦʶ ʧʨʷʤʦʛʦ ʨʘʜʽʦʙʘʯʝʥʥʷ, ʧʨʷʤʠʡ 

ʧʨʦʤʽʥʴ ʚʽʜʩʫʪʥʽʡ ʽ ʚ ʧʨʠʡʥʷʪʦʤʫ ʩʠʛʥʘʣʽ ʥʝʤʘʻ ʥʝʟʘʚʤʠʨʘʶʯʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, 

ʨʦʟʧʦʜʽʣ ʈʝʣʻʷ-ʈʘʡʩʘ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʟʚʦʜʠʪʴʩʷ ʜʦ ʯʠʩʪʦ ʨʝʣʝʻʚʩʴʢʦʛʦ 

ʨʦʟʧʦʜʽʣʫ [12, 22]: 
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                             (1.4) 

ʐʚʠʜʢʽ ʟʘʚʤʠʨʘʥʥʷ ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʢʘʥʘʣʫ ʧʝʨʝʜʘʯʽ, ʧʨʠʯʦʤʫ 

ʩʪʫʧʽʥʴ ʮʴʦʛʦ ʚʧʣʠʚʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʧʘʨʘʤʝʪʨʽʚ ʩʝʨʝʜʦʚʠʱʘ 

ʧʦʰʠʨʝʥʥʷ ʽ ʧʘʨʘʤʝʪʨʽʚ ʩʠʛʥʘʣʫ. ʊʦʤʫ ʰʢʽʜʣʠʚʠʡ ʚʧʣʠʚ ʰʚʠʜʢʠʭ ʟʘʚʤʠʨʘʥʴ 

ʤʦʞʝ ʙʫʪʠ ʦʩʣʘʙʣʝʥʠʡ ʚʠʙʦʨʦʤ ʧʝʚʥʠʭ ʩʠʛʥʘʣʽʚ ʽ ʚʽʜʧʦʚʽʜʥʦʶ ʩʪʨʫʢʪʫʨʦʶ 

ʧʦʙʫʜʦʚʠ ʘʧʘʨʘʪʫʨʠ ʢʘʥʘʣʫ ʧʝʨʝʜʘʯʽ. ʆʪʞʝ, ʜʦʮʽʣʴʥʦ ʟʦʩʝʨʝʜʠʪʠ ʥʘʜʘʣʽ ʫʚʘʛʫ 

ʩʘʤʝ ʥʘ ʨʦʟʛʣʷʜʽ ʰʚʠʜʢʠʭ ʟʘʚʤʠʨʘʥʴ. 

ʇʨʠ ʧʝʨʝʜʘʯʽ ʧʦʚʽʜʦʤʣʝʥʴ ʧʦ ʙʘʛʘʪʦʧʨʦʤʝʥʝʚʠʤ ʢʘʥʘʣʘʤ ʟʚôʷʟʢʫ 

ʨʝʟʫʣʴʪʫʶʯʠʡ ʩʠʛʥʘʣ ʥʘ ʚʭʦʜʽ ʧʨʠʡʤʘʯʘ ʷʚʣʷʻ ʩʦʙʦʶ ʩʫʤʫ ʦʢʨʝʤʠʭ ʢʦʣʠʚʘʥʴ, 

ʯʘʩ ʧʨʠʭʦʜʫ, ʯʘʩʪʦʪʘ, ʬʘʟʘ ʪʘ ʘʤʧʣʽʪʫʜʘ ʷʢʠʭ ʚʠʧʘʜʢʦʚʽ. ɯʥʪʝʨʬʝʨʝʥʮʽʷ ʮʠʭ 

ʧʨʦʤʝʥʽʚ ʽ ʻ ʧʨʠʯʠʥʦʶ ʰʚʠʜʢʠʭ ʬʣʫʢʪʫʘʮʽʡ (ʟʘʚʤʠʨʘʥʴ) ʧʘʨʘʤʝʪʨʽʚ ʩʠʛʥʘʣʫ. 

ʊʦʤʫ ʰʚʠʜʢʽ ʟʘʚʤʠʨʘʥʥʷ ʥʘʟʠʚʘʶʪʴ ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʠʤʠ ʟʘʚʤʠʨʘʥʥʷʤʠ. 

ʉʠʛʥʘʣ ʥʘ ʚʠʭʦʜʽ ʙʘʛʘʪʦʧʨʦʤʝʥʝʚʦʛʦ ʢʘʥʘʣʫ ʧʝʨʝʜʘʯʽ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ 

ʚʠʛʣʷʜʽ [12, 22]: 
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ʜʝ n  - ʢʽʣʴʢʽʩʪʴ ʧʨʦʤʝʥʽʚ; iŰ - ʯʘʩ ʟʘʧʽʟʥʶʚʘʥʥʷ (ʟʘʪʨʠʤʢʠ) -̔ʛʦ ʧʨʦʤʝʥʷ; ʨɸ  - 

ʘʤʧʣʽʪʫʜʘ ʨʝʛʫʣʷʨʥʦʾ ʩʢʣʘʜʦʚʦʾ; iz  - ʩʪʘʪʠʩʪʠʯʥʦ ʥʝʟʘʣʝʞʥʠʡ ʚʠʧʘʜʢʦʚʠʡ 

ʢʦʝʬʽʮʽʻʥʪ, ʭʘʨʘʢʪʝʨʠʟʫʶʯʠʡ ʝʬʝʢʪʠʚʥʝ ʧʦʧʝʨʝʯʥʝ ʨʦʟʩʽʶʚʘʥʥʷ (
2
iz  - ʯʘʩʪʢʘ 

ʚʽʜʙʠʪʦʾ ʝʥʝʨʛʽʾ -̔ʤ ʨʦʟʩʽʶʚʘʯʝʤ); iQ  - ʩʪʘʪʠʩʪʠʯʥʦ ʥʝʟʘʣʝʞʥʘ ʬʘʟʘ ʩʠʛʥʘʣʫ, 

ʱʦ ʧʨʦʡʰʦʚ -̔ʤ ʰʣʷʭʦʤ. 



33 

ʋ ʚʠʨʘʟʽ (1.5) ʧʝʨʰʠʡ ʜʦʜʘʥʦʢ () ( )p0pp ɤcos Q+Ö= tAtA   - ʨʝʛʫʣʷʨʥʘ 

ʩʢʣʘʜʦʚʘ ʩʠʛʥʘʣʫ (ʟ ʧʦʩʪʽʡʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ). ɺʦʥʘ ʩʪʚʦʨʶʻʪʴʩʷ ʧʦʚʝʨʭʥʝʚʠʤ 

ʧʨʦʤʝʥʝʤ ʘʙʦ ʛʨʫʧʦʶ ʧʨʦʤʝʥʽʚ, ʱʦ ʤʘʶʪʴ ʤʘʡʞʝ ʦʜʥʘʢʦʚʽ ʫʤʦʚʠ ʚʽʜʙʠʪʪʷ. 

ɼʨʫʛʠʡ ʜʦʜʘʥʦʢ ʚ (1.5) ʬʣʫʢʪʫʶʯʘ (ʟʤʽʥʥʘ) ʘʙʦ ʟʘʚʤʠʨʘʶʯʘ ʩʢʣʘʜʦʚʘ, 

ʩʪʚʦʨʶʚʘʥʘ ʚʩʽʤʘ ʚʽʜʙʠʪʠʤʠ ʧʨʦʤʝʥʷʤʠ. 

ʗʢʱʦ ʯʝʨʝʟ ʙʘʛʘʪʦʧʨʦʤʝʥʝʚʠʡ ʢʘʥʘʣ ʧʝʨʝʜʘʯʽ ʧʝʨʝʜʘʪʠ ʢʦʨʦʪʢʠʡ ʽʤʧʫʣʴʩ, 

ʪʦ ʧʨʠʡʥʷʪʠʡ ʩʠʛʥʘʣ ʙʫʜʝ ʷʚʣʷʪʠ ʩʦʙʦʶ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʟʘʪʨʠʤʘʥʠʭ ʽʤʧʫʣʴʩʽʚ, 

ʢʽʣʴʢʽʩʪʴ ʷʢʠʭ ʜʦʨʽʚʥʶʻ ʢʽʣʴʢʦʩʪʽ ʟʘʪʨʠʤʘʥʠʭ ʧʨʦʤʝʥʽʚ (ʨʠʩ. 1.5). ʇʨʠ 

ʧʦʚʪʦʨʥʦʤʫ ʚʠʧʨʦʤʽʥʶʚʘʥʥʽ ʽʤʧʫʣʴʩʫ ʢʘʨʪʠʥʘ ʟʤʽʥʶʻʪʴʩʷ: ʟʤʽʥʷʪʴʩʷ ʘʤʧʣʽʪʫʜʠ 

ʽʤʧʫʣʴʩʽʚ ʯʝʨʝʟ ʟʤʽʥʫ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʝʨʝʜʦʚʠʱʘ. 

ʇʦʚʥʠʡ ʯʘʩ ʟʘʧʽʟʥʶʚʘʥʥʷ ʦʩʪʘʥʥʴʦʛʦ ʽʤʧʫʣʴʩʫ ʱʦʜʦ ʧʝʨʰʦʛʦ (ʨʠʩ. 1.5), 

ʥʘʟʠʚʘʶʪʴ ʯʘʩʦʤ ʙʘʛʘʪʦʧʨʦʤʝʥʝʚʦʩʪʽ: 

1ŰŰ-=D nLT .                                                      (1.6) 

ɺʠʧʘʜʢʦʚʽ ʧʝʨʝʤʽʱʝʥʥʷ ʝʣʝʤʝʥʪʘʨʥʠʭ ʥʝʦʜʥʦʨʽʜʥʦʩʪʝʡ ʧʨʠʟʚʦʜʷʪʴ ʜʦ 

ʚʠʧʘʜʢʦʚʠʭ ʜʦʧʣʝʨʦʚʩʴʢʠʭ ʟʩʫʚʽʚ ʯʘʩʪʦʪʠ ʢʦʣʠʚʘʥʴ ʢʦʞʥʦʛʦ ʧʨʦʤʝʥʷ. ʗʢʱʦ 

ʚʠʧʨʦʤʝʥʠʪʠ ʩʠʛʥʘʣ ʫ ʚʠʛʣʷʜʽ ʥʝʧʝʨʝʨʚʥʦʛʦ ʛʘʨʤʦʥʽʡʥʦʛʦ ʢʦʣʠʚʘʥʥʷ ʽʟ 

ʯʘʩʪʦʪʦʶ 0f , ʪʦ ʙʘʛʘʪʦʧʨʦʤʝʥʝʚʠʡ ʢʘʥʘʣ ʙʫʜʝ ʧʨʝʜʩʪʘʚʣʷʪʠ ʥʘʙʽʨ ʛʘʨʤʦʥʽʡʥʠʭ 

ʢʦʣʠʚʘʥʴ ʟʽ ʟʤʽʱʝʥʠʤʠ ʯʘʩʪʦʪʘʤʠ ʚʽʜʥʦʩʥʦ 0f  (ʨʠʩ. 1.6). ɺʝʣʠʯʠʥʫ çʨʦʟʤʠʪʪʷè 
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 t 
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ʈʠʩ.1.5. ʏʘʩʦʚʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ  

ʩʠʛʥʘʣʫ ʥʘ ʚʠʭʦʜ̔ ʙʘʛʘʪʦʧʨʦʤʝʥʝʚʦʛʦ 

ʢʘʥʘʣʫ 

ʈʠʩ. 1.6. ʏʘʩʪʦʪʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʠʛʥʘʣʫ ʥʘ 

ʚʠʭʦʜ̔ ʙʘʛʘʪʦʧʨʦʤʝʥʝʚʦʛʦ ʢʘʥʘʣʫ 
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(ʨʦʟʰʠʨʝʥʥʷ) ʩʧʝʢʪʨʘ, ʫʩʝʨʝʜʥʝʥʦʛʦ ʧʦ ʙʘʛʘʪʴʦʤ ʨʝʘʣʽʟʘʮʽʷʤ, ʥʘʟʠʚʘʶʪʴ 

ʚʝʣʠʯʠʥʦʶ ʜʦʧʣʝʨʦʚʩʴʢʦʾ ʟʦʥʠ [12, 22]: 

                                             1
ffF nD -=D .                                                   (1.7) 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʟʥʘʯʝʥʥʷ LTD   ̔ DFD : 
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ʆʩʢʽʣʴʢʠ ʨʝʟʫʣʴʪʫʶʯʠʡ ʟʘʚʤʠʨʘʶʯʠʡ ʩʠʛʥʘʣ ()tAʬʣ  ʷʚʣʷʻ ʩʦʙʦʶ ʩʫʤʫ 

ʚʝʣʠʢʦ ʾʢʽʣʴʢʦʩʪʽ ʩʪʘʪʠʩʪʠʯʥʦ ʥʝʟʘʣʝʞʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ (ʧʨʘʢʪʠʯʥʦ 

ʯʠʩʣʦ ʧʨʦʤʝʥʽʚ ʟʘʚʞʜʠ ʧ > 5), ʪʦ ʥʘ ʧʽʜʩʪʘʚʽ ʮʝʥʪʨʘʣʴʥʦʾ ʛʨʘʥʠʯʥʦʾ ʪʝʦʨʝʤʠ 

ʤʦʞʥʘ ʟʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʨʝʟʫʣʴʪʫʶʯʠʡ ʩʠʛʥʘʣ ()tAʬʣ  ʤʦʞʝ ʙʫʪʠ 

ʘʧʨʦʢʩʠʤʦʚʘʥʠʡ ʛʘʫʩʦʚʩʴʢʠʤ ʚʠʧʘʜʢʦʚʠʤ ʧʨʦʮʝʩʦʤ. ʇʨʠ ʮʴʦʤʫ ʤʠʪʪʻʚʝ 

ʟʥʘʯʝʥʥʷ ʦʙʚʽʜʥʦʾ ()tɸʬʣ  ʬʣʫʢʪʫʶʯʦʛʦ ʩʠʛʥʘʣʫ ʨʦʟʧʦʜʽʣʝʥʽ ʟʘ ʟʘʢʦʥʦʤ ʈʝʣʝʷ 

[12, 22]: 
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ʜʝ 2ʬʣů  - ʜʠʩʧʝʨʩʽʷ ʰʚʠʜʢʦʛʦ ʟʘʚʤʠʨʘʥʥʷ. 

ʌʘʟʘ ʟʘʚʤʠʨʘʶʯʦʛʦ ʩʠʛʥʘʣʫ ʬʣQ  ʨʦʟʧʦʜʽʣʝʥʘ ʟʘ ʨʽʚʥʦʤʽʨʥʠʤ ʟʘʢʦʥʦʤ ʚ 

ʽʥʪʝʨʚʘʣʽ [ ].́2 ,0  

ʋ ʢʘʥʘʣʘʭ ʧʝʨʝʜʘʯʽ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʨʝʛʫʣʷʨʥʦʾ 

ʩʢʣʘʜʦʚʦʾ, ʩʪʘʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʦʙʚʽʜʥʦʾ ʩʫʤʘʨʥʦʛʦ ʩʠʛʥʘʣʫ ʦʧʠʩʫʶʪʴʩʷ 

ʱʽʣʴʥʽʩʪʶ ʨʦʟʧʦʜʽʣʫ ʡʤʦʚʽʨʥʦʩʪʽ ʈʘʡʩʘ [12]: 
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ʜʝ ʨɸ  - ʘʤʧʣʽʪʫʜʘ ʨʝʛʫʣʷʨʥʦʾ ʩʢʣʘʜʦʚʦʾ. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʨʷʜʫ ʪʝʭʥʽʯʥʠʭ ʟʘʚʜʘʥʴ ʥʝʦʙʭʽʜʥʦ ʟʥʘʪʠ, ʷʢ ʰʚʠʜʢʦ 

ʟʘʚʤʠʨʘʶʪʴ ʫ ʯʘʩʽ ʩʠʛʥʘʣʠ. ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʢʦʨʝʣʷʮʽʡʥʘ ʬʫʥʢʮʽʷ 
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ʦʙʚʽʜʥʦʾ ʟʘʚʤʠʨʘʶʯʦʛʦ ʩʠʛʥʘʣʫ. ɼʣʷ ʙʽʣʴʰʦʩʪʽ ʨʝʘʣʴʥʦ ʽʩʥʫʶʯʠʭ ʢʘʥʘʣʽʚ 

ʧʝʨʝʜʘʯʽ ʚʦʥʘ ʜʦʙʨʝ ʘʧʨʦʢʩʠʤʫʻʪʴʩʷ ʚʠʨʘʟʦʤ: 
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etr ,  2..1Ŭ=                                      (1.11) 

ʜʝ ()tr D0  - ʥʦʨʤʦʚʘʥʘ ʢʦʨʝʣʷʮʽʡʥʘ ʬʫʥʢʮʽʷ; ʢʦʨŰD  - ʽʥʪʝʨʚʘʣ ʯʘʩʦʚʦʾ ʢʦʨʝʣʷʮʽʾ 

ʢʘʥʘʣʫ ʧʝʨʝʜʘʯʽ, ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʩʝʨʝʜʥʽʡ ʢʚʘʟʠʧʝʨʽʦʜ ʟʘʚʤʠʨʘʥʴ.  

ʋ ʩʧʝʢʪʨʘʣʴʥʦ-ʢʦʨʝʣʷʮʽʡʥʽʡ ʪʝʦʨʽʾ ʟʘʚʤʠʨʘʶʯʠʭ ʩʠʛʥʘʣʽʚ ʜʦʚʝʜʝʥʦ, ʱʦ 

ʽʥʪʝʨʚʘʣ ʯʘʩʦʚʦʾ ʢʦʨʝʣʷʮʽʾ ʦʜʥʦʟʥʘʯʥʦ ʧʦʚôʷʟʘʥʠʡ ʟ ʚʝʣʠʯʠʥʦʶ ʜʦʧʣʝʨʦʚʩʴʢʦʾ 

ʟʦʥʠ ʚʠʨʘʟʦʤ: 

DFD
=D

1
Űʢʦʨ .                                                   (1.12) 

ʐʠʨʦʢʝ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʥʘ ʧʨʘʢʪʠʮʽ ʢʦʨʝʣʷʮʽʡʥʘ ʬʫʥʢʮʽʷ ʧʦ ʯʘʩʪʦʪʽ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʩʪʫʧʽʥʴ ʢʦʨʝʣʴʦʚʘʥʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ ʜʚʦʭ ʩʠʛʥʘʣʽʚ, ʚʠʧʨʦʤʠʥʝʥʠʭ 

ʥʘ ʜʚʦʭ ʨʽʟʥʠʭ ʥʝʩʫʯʠʭ ʯʘʩʪʦʪʘʭ. ɺʠʟʥʘʯʝʥʥʷ ʮʽʻʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʰʣʷʭʦʤ ʧʘʨʘʣʝʣʴʥʦʾ ʧʝʨʝʜʘʯʽ ʜʚʦʭ ʛʘʨʤʦʥʽʡʥʠʭ ʢʦʣʠʚʘʥʴ ʽʟ ʯʘʩʪʦʪʘʤʠ 1f  ʡ 2f  

21 fff -=D , ʽ ʚʠʤʽʨʫ ʬʫʥʢʮʽʾ ʚʟʘʻʤʥʦʾ ʢʦʨʝʣʷʮʽʾ ʾʭ ʦʙʚʽʜʥʠʭ. ʗʢʱʦ ʯʘʩʪʦʪʠ ʮʠʭ 

ʢʦʣʠʚʘʥʴ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʥʝʟʥʘʯʥʦ, ʪʦ ʟʘʚʤʠʨʘʥʥʷ ʦʙʚʽʜʥʠʭ ʚʠʷʚʣʷʪʴʩʷ ʩʠʣʴʥʦ 

ʢʦʨʝʣʴʦʚʘʥʠʤʠ. ɺ ʤʽʨʫ ʨʦʟʥʝʩʝʥʥʷ ʯʘʩʪʦʪ ʜʚʦʭ ʛʘʨʤʦʥʽʡʥʠʭ ʩʠʛʥʘʣʽʚ 

ʟʘʚʤʠʨʘʥʥʷ ʙʫʜʫʪʴ ʤʝʥʰ ʢʦʨʝʣʴʦʚʘʥʠʤʠ. 

ɼʣʷ ʙʽʣʴʰʦʩʪʽ ʨʝʘʣʴʥʠʭ ʢʘʥʘʣʽʚ ʧʝʨʝʜʘʯʽ ʢʦʨʝʣʷʮʽʡʥʘ ʬʫʥʢʮʽʷ ʢʘʥʘʣʫ ʧʦ 

ʯʘʩʪʦʪʽ ʜʦʙʨʝ ʦʧʠʩʫʻʪʴʩʷ ʚʠʨʘʟʦʤ [12, 22]: 

( ) ,2...1ɓ,
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efr                               (1.13) 

ʜʝ ʢʦʨfD  - ʽʥʪʝʨʚʘʣ ʯʘʩʪʦʪʥʦʾ ʢʦʨʝʣʷʮʽʾ. 

ɺ ʪʝʦʨʽʾ ʟʘʚʤʠʨʘʶʯʠʭ ʩʠʛʥʘʣʽʚ ʧʦʢʘʟʘʥʦ, ʱʦ ʽʥʪʝʨʚʘʣ ʯʘʩʪʦʪʥʦʾ ʢʦʨʝʣʷʮʽʾ 

ʢʦʨfD  ʽ ʯʘʩ ʙʘʛʘʪʦʧʨʦʤʝʥʝʚʦʩʪʽ ʧʦʚôʷʟʘʥʽ  ʚʠʨʘʟʦʤ: 

ʢʦʨfD  = 
LTD

1
.                                                   (1.14) 
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ɿ ʦʛʣʷʜʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ [12, 22] ʚʠʪʽʢʘʻ, ʱʦ ʟʥʘʯʝʥʥʷ 

ʽʥʪʝʨʚʘʣʽʚ ʯʘʩʦʚʦʾ ʽ ʯʘʩʪʦʪʥʦʾ ʢʦʨʝʣʷʮʽʾ ʢʘʥʘʣʽʚ ʧʝʨʝʜʘʯʽ ʟ ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʠʤʠ 

ʟʘʚʤʠʨʘʥʥʷʤʠ ʨʽʟʥʦʛʦ ʪʠʧʫ ʤʦʞʫʪʴ ʟʤʽʥʶʚʘʪʠʩʷ ʚ ʨʽʟʥʠʭ ʤʝʞʘʭ ʽ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʙʘʛʘʪʴʦʭ ʬʘʢʪʦʨʽʚ (ʧʦʨʠ ʨʦʢʫ, ʯʘʩʫ ʜʦʙʠ, ʜʦʚʞʠʥʠ ʪʨʘʩʠ, ʩʧʨʷʤʦʚʘʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʘʥʪʝʥ, ʟʥʘʯʝʥʥʷ ʥʝʩʫʯʦʾ ʯʘʩʪʦʪʠ ʪʘ ʽʥ.).  

ɿʘʣʝʞʥʦ ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʰʚʠʜʢʽʩʪʶ ʧʝʨʝʜʘʯʽ ʩʠʛʥʘʣʽʚ (ʘʙʦ 

ʪʨʠʚʘʣʦʩʪʽ), ʰʠʨʠʥʠ ʾʭ ʩʧʝʢʪʨʘ ʽ ʩʧʝʢʪʨʘʣʴʥʦ-ʢʦʨʝʣʷʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʢʘʥʘʣʫ ʨʦʟʨʽʟʥʷʶʪʴ ʟʘʚʤʠʨʘʥʥʷ ʜʚʦʭ ʚʠʜʽʚ: ʟʘʛʘʣʴʥʽ (ʘʙʦ ʛʣʘʜʢʽ) ʽ ʩʝʣʝʢʪʠʚʥʽ 

[12].  

ɿʘʛʘʣʴʥʽ ʟʘʚʤʠʨʘʥʥʷ ʚ ʢʘʥʘʣʘʭ ʧʝʨʝʜʘʯʽ ʜʠʩʢʨʝʪʥʠʭ ʧʦʚʽʜʦʤʣʝʥʴ, ʤʘʶʪʴ 

ʤʽʩʮʝ, ʷʢʱʦ ʪʨʠʚʘʣʽʩʪʴ ʝʣʝʤʝʥʪʘ ʩʠʛʥʘʣʫ t̔ ʽ ʡʦʛʦ ʰʠʨʠʥʘ ʩʧʝʢʪʨʘ cfD  ʟʥʘʯʥʦ 

ʤʝʥʰʝ ʚʽʜʧʦʚʽʜʥʦ ʽʥʪʝʨʚʘʣʽʚ ʯʘʩʦʚʦʾ ʢʦʨŰD  ʽ ʯʘʩʪʦʪʥʦʾ ʢʦʨfD  ʢʦʨʝʣʷʮʽʾ:  

.     ,ŰŰ ʢʦʨcʢʦʨʽ ff D<<DD<<                                       (1.15)            

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʫʤʦʚ (1.15) ʢʘʥʘʣʠ ʽʟ ʟʘʛʘʣʴʥʠʤʠ ʟʘʚʤʠʨʘʥʥʷʤʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʦʩʪʽʡʥʽʩʪʶ ʚ ʯʘʩʽ ʩʚʦʾʭ ʧʘʨʘʤʝʪʨʽʚ ʫ ʭʦʜʽ ʯʘʩʫ ʧʝʨʝʜʘʯʽ 

ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʩʠʛʥʘʣʫ ʪʨʠʚʘʣʽʩʪʶ Ű̔, ʦʩʢʽʣʴʢʠ ʢʦʨʽ ŰŰ D<< . ʂʨʽʤ 

ʪʦʛʦ, ʦʩʢʽʣʴʢʠ ʢʦʨc ff D<<D , ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʨʽʟʥʠʤʠ ʯʘʩʪʦʪʥʠʤʠ 

ʩʢʣʘʜʦʚʦʛʦ ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʫ ʚ ʧʨʦʮʝʩʽ ʧʨʦʭʦʜʞʝʥʥʷ ʯʝʨʝʟ ʩʝʨʝʜʦʚʠʱʝ 

ʧʦʰʠʨʝʥʥʷ ʥʝ ʟʤʽʥʶʶʪʴʩʷ. ʆʪʞʝ, ʬʦʨʤʘ ʩʠʛʥʘʣʫ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʟʤʽʥʥʦʶ, 

ʟʤʽʥʶʶʪʴʩʷ ʣʠʰʝ ʤʘʩʰʪʘʙ ʽ ʧʦʯʘʪʢʦʚʘ ʬʘʟʘ ʩʠʛʥʘʣʫ. 

ʇʨʠ ʥʘʜʭʦʜʞʝʥʥʽ ʥʘ ʚʭʽʜ ʢʘʥʘʣʫ ʧʝʨʝʜʘʯʽ ʢʦʨʠʩʥʦʛʦ ʩʠʛʥʘʣʫ 

() () ()[ ]tyttatA +Ö= 0ɤcos , ʩʧʦʪʚʦʨʝʥʠʡ ʩʠʛʥʘʣ ʥʘ ʡʦʛʦ ʚʠʭʦʜʽ ʤʘʻ ʚʠʛʣʷʜ 

() () ()[ ]Q+j+= tttzʘty 0ɤcos ,                                     (1.16) 

ʜʝ z - ʢʦʝʬʽʮʽʻʥʪ ʩʧʦʪʚʦʨʝʥʥʷ ʩʠʛʥʘʣʫ. 

ʉʝʣʝʢʪʠʚʥʽ ʟʘʚʤʠʨʘʥʥʷ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʧʦʨʫʰʝʥʥʽ ʫʤʦʚ (1.15). ʇʨʠ ʮʴʦʤʫ 

ʩʧʦʪʚʦʨʶʻʪʴʩʷ ʬʦʨʤʘ ʧʝʨʝʜʘʥʦʛʦ ʩʠʛʥʘʣʫ. ʈʦʟʨʽʟʥʷʶʪʴ ʯʘʩʪʦʪʥʦ-ʩʝʣʝʢʪʠʚʥʽ, 

ʯʘʩʦʚʦ-ʩʝʣʝʢʪʠʚʥʽ ʽ ʯʘʩʪʦʪʥʦ-ʯʘʩʦʚʦ-ʩʝʣʝʢʪʠʚʥʽ ʟʘʚʤʠʨʘʥʥʷ. 

ʏʘʩʪʦʪʥʦ-ʩʝʣʝʢʪʠʚʥʽ ʟʘʚʤʠʨʘʥʥʷ ʤʘʶʪʴ ʤʽʩʮʝ, ʷʢʱʦ ʚʠʢʦʥʫʶʪʴʩʷ ʫʤʦʚʠ 
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.Ű     ,ŰŰ ʢʦʨcʢʦʨʽ D>DD<< f                                         (1.17) 

ʂʘʥʘʣʠ ʽʟ ʯʘʩʪʦʪʥʦ-ʩʝʣʝʢʪʠʚʥʠʤʠ ʟʘʚʤʠʨʘʥʥʷʤʠ, ʷʢ ʽ ʢʘʥʘʣʠ ʽʟ 

ʟʘʛʘʣʴʥʠʤʠ ʟʘʚʤʠʨʘʥʥʷʤʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʩʪʘʣʽʩʪʶ ʩʚʦʾʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʽʜ 

ʯʘʩ ʩʝʘʥʩʫ ʟʚôʷʟʢʫ (ʷʢʱʦ ʢʦʨʩʝʘʥʩŰD<t ). ʆʜʥʘʢ ʯʘʩʪʦʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʮʠʭ 

ʢʘʥʘʣʽʚ ʚʽʜ ʩʝʘʥʩʫ ʜʦ ʩʝʘʥʩʫ ʟʤʽʥʶʶʪʴʩʷ ʚʠʧʘʜʢʦʚʠʤ ʦʙʨʘʟʦʤ. ʇʨʠ ʮʴʦʤʫ ʨʽʟʥʽ 

ʯʘʩʪʦʪʥʽ ʩʢʣʘʜʦʚʽ ʟʘʚʤʠʨʘʶʪʴ ʥʝʟʘʣʝʞʥʦ (ʥʝ ʦʜʥʘʢʦʚʦ), ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʚʠʧʘʜʢʦʚʠʭ ʟʤʽʥ ʬʦʨʤʠ ʩʠʛʥʘʣʫ ʚʽʜ ʩʝʘʥʩʫ ʜʦ ʩʝʘʥʩʫ ʯʝʨʝʟ ʯʘʩ ʢʦʨʩʝʘʥʩŰD>t . 

ʉʧʦʪʚʦʨʝʥʠʡ ʩʠʛʥʘʣ ʥʘ ʚʠʭʦʜʽ ʢʘʥʘʣʫ ʧʝʨʝʜʘʯʽ ʤʘʻ ʚʠʛʣʷʜ 

() () ( )ŰŰdtɸthty
t

-Ö=ñ
¤-

,                                       (1.18) 

ʜʝ ()h t  - ʚʠʧʘʜʢʦʚʘ ʜʣʷ ʜʘʥʦʛʦ ʩʝʘʥʩʫ ʟʚôʷʟʢʫ ʽʤʧʫʣʴʩʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʘʥʘʣʫ 

ʧʝʨʝʜʘʯʽ. 

ʈʦʟʛʣʷʥʫʪʠʡ ʚʠʜ ʟʘʚʤʠʨʘʥʴ ʻ ʭʘʨʘʢʪʝʨʥʠʤ ʜʣʷ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʭ 

ʽʦʥʦʩʬʝʨʥʠʭ ʽ ʪʨʦʧʦʩʬʝʨʥʠʭ ʢʘʥʘʣʽʚ ʧʝʨʝʜʘʯʽ, ʰʠʨʠʥʘ ʩʧʝʢʪʨʽʚ ʷʢʠʭ ʧʝʨʝʚʠʱʫʻ 

ʽʥʪʝʨʚʘʣ ʯʘʩʪʦʪʥʦʾ ʢʦʨʝʣʷʮʽʾ (ʢʦʨc ff D>D  ). 

ʏʘʩʦʚʦ-ʩʝʣʝʢʪʠʚʥʽ ʟʘʚʤʠʨʘʥʥʷ ʤʘʶʪʴ ʤʽʩʮʝ, ʷʢʱʦ ʚʠʢʦʥʫʶʪʴʩʷ ʫʤʦʚʠ 

.     ,ŰŰ ʢʦʨcʢʦʨʽ ff D<<DD>                                 (1.19) 

ʊʘʢʽ ʢʘʥʘʣʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʽʩʪʦʪʥʦʶ ʟʤʽʥʦʶ ʩʚʦʾʭ ʧʘʨʘʤʝʪʨʽʚ ʫ ʤʝʞʘʭ 

ʦʜʥʽʻʾ ʘʙʦ ʢʽʣʴʢʦʭ (2...3) ʪʨʠʚʘʣʦʩʪʝʡ ʝʣʝʤʝʥʪʽʚ ʩʠʛʥʘʣʫ. ʇʨʠ ʮʴʦʤʫ ʚʩʽ ʯʘʩʪʦʪʥʽ 

ʩʢʣʘʜʦʚʽ ʩʧʦʪʚʦʨʝʥʦʛʦ ʩʠʛʥʘʣʫ ʟʘʚʤʠʨʘʶʪʴ ʦʜʥʘʢʦʚʦ. ɺʠʨʘʟ ʜʣʷ ʩʧʦʪʚʦʨʝʥʦʛʦ 

ʩʠʛʥʘʣʫ ʤʘʻ ʚʠʛʣʷʜ 

() ()() () ()[ ]ttttatzty Q+j+ÖÖ= 0ɤcos .                           (1.20) 

ʏʘʩʦʚʦ-ʩʝʣʝʢʪʠʚʥʽ ʟʘʚʤʠʨʘʥʥʷ ʻ ʭʘʨʘʢʪʝʨʥʠʤʠ ʜʣʷ ʥʠʟʴʢʦʰʚʠʜʢʽʩʥʠʭ 

ʢʘʥʘʣʽʚ ʨʘʜʽʦʟʚôʷʟʢʫ. 

ʏʘʩʪʦʪʥʦ-ʯʘʩʦʚʦ-ʩʝʣʝʢʪʠʚʥʽ ʟʘʚʤʠʨʘʥʥʷ (ʟʘʛʘʣʴʥʠʡ ʚʠʧʘʜʦʢ) ʤʘʶʪʴ ʤʽʩʮʝ 

ʧʨʠ 

.      ,ŰŰ ʢʦʨcʢʦʨʽ ff D>DD>                                   (1.21) 
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ʎʝʡ ʚʠʜ ʟʘʚʤʠʨʘʥʴ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʪʠʤ, ʱʦ ʨʽʟʥʽ ʯʘʩʪʦʪʥʽ ʽ ʯʘʩʦʚʽ 

ʩʢʣʘʜʦʚʽ ʩʠʛʥʘʣʫ ʟʘʚʤʠʨʘʶʪʴ ʥʝʦʜʥʘʢʦʚʦ. ɺʠʨʘʟ ʜʣʷ ʩʧʦʪʚʦʨʝʥʦʛʦ ʩʠʛʥʘʣʫ ʤʘʻ 

ʚʠʛʣʷʜ: 

() ( ) ( )ŰŰŰ, dtAthty
t

-Ö=ñ
¤-

.                                   (1.22) 

ʏʘʩʪʦʪʥʦ-ʯʘʩʦʚʦ-ʩʝʣʝʢʪʠʚʥʽ ʟʘʚʤʠʨʘʥʥʷ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʚ 

ʥʠʟʴʢʦʰʚʠʜʢʽʩʥʠʭ ʩʠʩʪʝʤʘʭ ʧʝʨʝʜʘʯʽ, ʫ ʷʢʠʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʰʠʨʦʢʦʩʤʫʛʦʚʽ 

ʩʢʣʘʜʥʽ ʩʠʛʥʘʣʠ. 

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʥʘʩʪʫʧʥʽ ʚʠʩʥʦʚʢʠ: 

1. ʂʘʥʘʣʠ ʽʟ ʟʘʚʤʠʨʘʥʥʷʤʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʧʘʜʢʦʚʦʶ ʟʤʽʥʦʶ 

ʢʦʝʬʽʮʽʻʥʪʘ ʧʝʨʝʜʘʯʽ, ʪʦʤʫ ʧʘʨʘʤʝʪʨʠ ʩʠʛʥʘʣʽʚ ʥʘ ʚʭʦʜʽ ʧʨʠʡʤʘʯʘ ʻ 

ʚʠʧʘʜʢʦʚʠʤʠ ʽ ʥʝʚʽʜʦʤʠʤʠ. ɼʦʩʪʦʚʽʨʥʽʩʪʴ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʧʨʠ ʮʴʦʤʫ 

ʧʦʛʽʨʰʫʻʪʴʩʷ, ʪʦʤʫ ʱʦ ʧʨʠ ʧʨʠʡʤʘʥʥʽ ʥʝʤʘʻ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʪʠ ʚʽʜʦʤʦʩʪʽ 

ʧʨʦ ʜʽʡʩʥʽ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʩʠʛʥʘʣʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʧʘʜʢʦʚʽ ʟʤʽʥʠ 

ʧʘʨʘʤʝʪʨʽʚ ʢʘʥʘʣʫ ʧʝʨʝʜʘʯʽ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʤʫʣʴʪʠʧʣʽʢʘʪʠʚʥʫ ʟʘʚʘʜʫ, ʷʢʘ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʧʦʪʚʦʨʝʥʴ ʧʝʨʝʜʘʥʠʭ ʩʠʛʥʘʣʽʚ ʫ ʚʠʛʣʷʜʽ ʚʠʧʘʜʢʦʚʦʾ ʟʤʽʥʠ ʾʭ 

ʧʘʨʘʤʝʪʨʽʚ. 

2. ʅʘʡʙʽʣʴʰ ʽʩʪʦʪʥʠʡ ʚʧʣʠʚ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʧʝʨʝʜʘʥʠʭ ʩʠʛʥʘʣʽʚ 

ʟʜʽʡʩʥʶʶʪʴ ʰʚʠʜʢʽ ʩʝʣʝʢʪʠʚʥʽ ʟʘʚʤʠʨʘʥʥʷ ʚ ʢʘʥʘʣʽ, ʧʨʠʯʦʤʫ ʩʪʫʧʽʥʴ ʮʴʦʛʦ 

ʚʧʣʠʚʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʧʘʨʘʤʝʪʨʽʚ ʩʝʨʝʜʦʚʠʱʘ ʧʦʰʠʨʝʥʥʷ ʽ 

ʧʘʨʘʤʝʪʨʽʚ ʩʠʛʥʘʣʫ.  

3. ʐʢʽʜʣʠʚʠʡ ʚʧʣʠʚ ʰʚʠʜʢʠʭ ʩʝʣʝʢʪʠʚʥʠʭ ʟʘʚʤʠʨʘʥʴ ʤʦʞʝ ʙʫʪʠ 

ʦʩʣʘʙʣʝʥʦ ʚʠʙʦʨʦʤ ʧʝʚʥʠʭ ʩʠʛʥʘʣʽʚ ʪʘ ʩʧʦʩʦʙʽʚ ʾʭ ʦʙʨʦʙʢʠ ʚ ɹɿʇɼ. 

ʅʝʦʙʭʽʜʥʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʜʣʷ ɹɿʇɼ ʥʘʡʙʽʣʴʰʫ ʟʘʛʨʦʟʫ ʧʨʝʜʩʪʘʚʣʷʶʪʴ 

ʟʘʚʘʜʠ, ʷʢʽ ʤʘʶʪʴ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʩʧʝʢʪʨʘʣʴʥʦʾ ʱʽʣʴʥʦʩʪʽ ʧʦʪʫʞʥʦʩʪʽ ʚ 

ʚʠʟʥʘʯʝʥʽʡ ʧʦʣʦʩʽ ʯʘʩʪʦʪ [12, 22]. 

ʅʘʡʙʽʣʴʰ ʫʥʽʚʝʨʩʘʣʴʥʦʶ ʪʘ ʩʪʽʡʢʦʶ ʜʦ ʨʽʟʥʠʭ ʩʧʦʩʦʙʽʚ ʻ ʰʫʤʦʚʘ 

ʟʘʛʦʨʦʜʞʫʚʘʣʴʥʘ ʟʘʚʘʜʘ (ʐɿɿ) (ʨʠʩ. 1.7), ʷʢʘ ʧʨʝʜʩʪʘʚʣʷʻ ʦʙʤʝʞʝʥʠʡ ʧʦ ʩʤʫʟʽ 

ʘʜʠʪʠʚʥʠʡ ʙʽʣʠʡ ʛʘʫʩʽʚʩʴʢʠʡ ʰʫʤ (ɸɹɻʐ) ʟʽ ʩʧʝʢʪʨʘʣʴʥʦʶ ʱʽʣʴʥʽʩʪʶ 

ʧʦʪʫʞʥʦʩʪʽ Gj [84-86]:  
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ʜʝ ȹFS  ï ʩʤʫʛʘ ʯʘʩʪʦʪ ʩʠʛʥʘʣʫ, Pj ï ʧʦʪʫʞʥʽʩʪʴ ʟʘʚʘʜʠ. ʐʫʤʦʚʘ 

ʟʘʛʦʨʦʜʞʫʚʘʣʴʥʘ ʟʘʚʘʜʘ ʧʝʨʝʢʨʠʚʘʻ ʯʘʩʪʦʪʥʠʡ ʜʽʘʧʘʟʦʥ ɹɿʇɼ ʽ ʤʦʞʝ ʧʦʜʘʚʠʪʠ 

ʾʭ ʧʨʠ ʙʫʜʴ-ʷʢʠʭ ʩʧʦʩʦʙʘʭ ʧʝʨʝʩʪʨʦʶʚʘʥʥʷ ʯʘʩʪʦʪʠ. ʏʝʨʝʟ ʟʥʘʯʥʠʡ ʯʘʩʪʦʪʥʠʡ 

ʜʽʘʧʘʟʦʥ ɹɿʇɼ ʧʦʪʫʞʥʽʩʪʴ ʧʝʨʝʜʘʚʘʯʘ ʟʘʚʘʜ ʧʦʚʠʥʥʘ ʙʫʪʠ ʜʦʩʠʪʴ ʚʝʣʠʢʦʶ [84]. 

ʇʦʪʫʞʥʽʩʪʴ ʰʫʤʦʚʦʾ ʟʘʚʘʜʠ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦ ʟʘ 

ʨʘʭʫʥʦʢ ʟʦʩʝʨʝʜʞʝʥʥʷ ʾʾ ʚ ʦʙʤʝʞʝʥʽʡ ʩʤʫʟʽ ʯʘʩʪʦʪ, ʟʥʘʯʥʦ ʤʝʥʰʽʡ, ʥʽʞ ʜʽʘʧʘʟʦʥ 

ʯʘʩʪʦʪ ɹɿʇɼ. 

 

 

 

 

 

 

 

ʊʘʢʫ ʟʘʚʘʜʫ ʥʘʟʠʚʘʶʪʴ ʰʫʤʦʚʦʶ ʟʘʚʘʜʦʶ ʚ ʯʘʩʪʠʥʽ ʩʤʫʛʠ (ʐɿʏʉ) ʘʙʦ 

ʟʦʩʝʨʝʜʞʝʥʦʶ ʧʦ ʩʧʝʢʪʨʫ ʟʘʚʘʜʦʶ ʯʠ ʟʘʚʘʜʦʶ ʽʟ ʯʘʩʪʢʦʚʠʤ ʧʝʨʝʢʨʠʪʪʷʤ 

ʩʧʝʢʪʨʫ ʩʠʛʥʘʣʽʚ (ʨʠʩ. 1.8).  

 

 

 

 

 

 

 

 

ʉʧʝʢʪʨʘʣʴʥʘ ʱʽʣʴʥʽʩʪʴ ʧʦʪʫʞʥʦʩʪʽ ʮʽʻʾ ʟʘʚʘʜʠ ʤʘʻ ʪʘʢʠʡ ʚʠʛʣʷʜ [84]: 

 

Gj(f) 

f 0 

ȹFS 

Gj 

ʈʠʩ. 1.7. ʐʫʤʦʚʘ ʟʘʛʦʨʦʜʞʫʚʘʣʴʥʘ ʟʘʚʘʜʘ 

Gj(f) 

f 
0 

ȹFS 

Gj 

ʈʠʩ. 1.8. ʐʫʤʦʚʘ ʟʘʚʘʜʘ ʚ ʯʘʩʪʠʥʽ ʩʤʫʛʠ 

gȹFS 
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, (1.24) 

ʜʝ g ï ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʯʘʩʪʠʥʫ ʩʤʫʛʠ, ʷʢʫ ʟʘʡʤʘʻ ʟʘʚʘʜʘ.  

ɿ ʚʠʨʘʟʫ (1.24) ʚʠʜʥʦ, ʱʦ ʩʧʝʢʪʨʘʣʴʥʘ ʱʽʣʴʥʽʩʪʴ ʧʦʪʫʞʥʦʩʪʽ ʐɿʏʉ 

ʟʨʦʩʪʘʻ ʚ 1/g ʨʘʟ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟʽ ʩʧʝʢʪʨʘʣʴʥʦʶ ʱʽʣʴʥʽʩʪʶ ʧʦʪʫʞʥʦʩʪʽ ʐɿɿ. 

ɿ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʦʜʘʚʣʝʥʥʷ ɹɿʇɼ ʩʧʝʢʪʨ ʐɿʏʉ 

ʧʝʨʝʤʽʱʫʶʪʴ ʧʦ ʚʩʴʦʤʫ ʜʽʘʧʘʟʦʥʫ ʯʘʩʪʦʪ ɹɿʇɼ ʩʪʨʠʙʢʦʧʦʜʽʙʥʦ ʟʘ ʚʠʧʘʜʢʦʚʠʤ 

ʟʘʢʦʥʦʤ. ʇʨʠ ʪʘʢʦʤʫ ʦʧʠʩʽ ʟʘʚʘʜ ʜʣʷ ʙʫʜʴ-ʷʢʦʛʦ ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ-ʟʘʚʘʜʘ 

js PP  ʤʘʻ ʤʽʩʮʝ ʦʧʪʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ optg , ʧʨʠ ʷʢʽʡ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ɹɿʇɼ ʙʫʜʝ 

ʤʽʥʽʤʘʣʴʥʦʶ. ɿʘʚʘʜʘ ʟ ʪʘʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʻ ʥʘʡʛʽʨʰʦʶ ʜʣʷ ɹɿʇɼ [84]. 

ʆʩʢʽʣʴʢʠ ʟʘ ʩʚʦʻʶ ʩʪʨʫʢʪʫʨʦʶ ʰʫʤʦʚʽ ʟʘʚʘʜʠ ʙʣʠʟʴʢʽ ʜʦ ʚʥʫʪʨʽʰʥʽʭ 

ʬʣʫʢʪʫʘʮʽʡʥʠʭ ʰʫʤʽʚ ʧʨʠʡʤʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʾʭ ʯʘʩʪʦ ʚʘʞʢʦ ʚʠʷʚʠʪʠ ʪʘ ʚʞʠʪʠ 

ʟʘʭʦʜʠ ʧʦ ʦʩʣʘʙʣʝʥʥʶ ʾʭ ʚʧʣʠʚʫ ʥʘ ʨʦʙʦʪʫ ɹɿʇɼ. 

ʇʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʟʘʚʘʜ ʫ ʚʽʜʧʦʚʽʜʴ (ɿɺ) ʧʦʪʫʞʥʽʩʪʴ ʧʝʨʝʜʘʚʘʯʘ ʟʘʚʘʜ 

ʢʦʥʮʝʥʪʨʫʻʪʴʩʷ ʣʠʰʝ ʚ ʩʤʫʟʽ ʯʘʩʪʦʪ ʢʘʥʘʣʫ ɹɿʇɼ ʽ ʪʽʣʴʢʠ ʧʽʜ ʯʘʩ ʾʾ ʨʦʙʦʪʠ. 

ɺʧʣʠʚ ʟʘʚʘʜʠ ʫ ʚʽʜʧʦʚʽʜʴ ʥʘ ʧʝʨʝʜʘʥʠʡ ʩʠʤʚʦʣ ʥʘ ʽʥʪʝʨʚʘʣʽ Ts ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩ. 

1.9, ʜʝ g - ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʢʨʠʪʪʷ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʯʘʩʪʠʥʫ ʝʣʝʤʝʥʪʫ ʩʠʛʥʘʣʫ, 

ʫʨʘʞʝʥʫ ʟʘʚʘʜʦʶ, 0 ¢ g ¢ 1. 

ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʚʽʜʦʤʯʠʭ ʤʝʨʝʞ, ʩʪʘʥʮʽʷ ʟʘʚʘʜ ʫ ʚʽʜʧʦʚʽʜʴ ʤʦʞʝ 

ʟʜʽʡʩʥʶʚʘʪʠ ʧʦʜʘʚʣʝʥʥʷ ɹɿʇɼ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʨʷʜʫ ʫʤʦʚ: 

1. ʉʪʘʥʮʽʷ ʨʘʜʽʦʪʝʭʥʽʯʥʦʾ ʨʦʟʚʽʜʢʠ ʟʜʽʡʩʥʶʻ ʧʝʨʝʭʦʧʣʝʥʥʷ ʩʠʛʥʘʣʽʚ ɹɿʇɼ 

ʫ ʚʩʴʦʤʫ ʯʘʩʪʦʪʥʦʤʫ ʜʽʘʧʘʟʦʥʽ. 
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TS 

ʈʠʩ. 1.9. ɿʘʚʘʜʘ ʫ ʚʽʜʧʦʚʽʜʴ 

TS 

 

 

s(t) 
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2. ʉʪʘʥʮʽʷ ʟʘʚʘʜ ʫ ʚʽʜʧʦʚʽʜʴ ʤʘʻ ʜʦʩʪʘʪʥʶ ʧʦʪʫʞʥʽʩʪʴ ʜʣʷ ʧʦʜʘʚʣʝʥʥʷ ʚʩʽʭ 

ʩʠʛʥʘʣʽʚ. 

3. ʉʪʘʥʮʽʷ ʟʘʚʘʜ ʫ ʚʽʜʧʦʚʽʜʴ ʟʘʙʝʟʧʝʯʫʻ ʥʝʦʙʭʽʜʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʢʨʠʪʪʷ 

r ʯʘʩʫ ʨʦʙʦʪʠ ɹɿʇɼ ʥʘ ʦʜʥʽʡ ʯʘʩʪʦʪʽ (%20²r  ). 

ɽʬʝʢʪ ʚʧʣʠʚʫ ʟʘʚʘʜ ʧʨʦʷʚʣʷʻʪʴʩʷ ʚ ʧʦʛʽʨʰʝʥʥʽ ʷʢʦʩʪʽ ʦʙʨʦʙʣʶʚʘʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʚ ʨʝʟʫʣʴʪʘʪʽ ʾʾ ʨʫʡʥʫʚʘʥʥʷ ʘʙʦ ʩʪʘʨʽʥʥʷ, ʱʦ ʟʙʽʣʴʰʫʻ ʩʪʫʧʽʥʴ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʧʨʠ ʫʭʚʘʣʝʥʥʽ ʨʽʰʝʥʴ. 

ɺʧʣʠʚʘʶʯʠ ʥʘ ɹɿʇɼ, ʟʘʚʘʜʠ ʽʤʽʪʫʶʪʴ ʘʙʦ ʩʧʦʪʚʦʨʶʶʪʴ ʩʧʦʩʪʝʨʝʞʫʚʘʥʽ ʽ 

ʨʝʻʩʪʨʦʚʘʥʽ ʩʠʛʥʘʣʠ ʘʙʦ ʟʦʙʨʘʞʝʥʥʷ, ʟʘʪʨʫʜʥʷʶʪʴ ʘʙʦ ʚʠʢʣʶʯʘʶʪʴ ʚʠʜʽʣʝʥʥʷ 

ʢʦʨʠʩʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʚʝʜʝʥʥʷ ʧʝʨʝʛʦʚʦʨʽʚ, ʟʥʠʞʫʶʪʴ ʾʭ ʜʘʣʴʥʽʩʪʴ ʜʽʾ ʽ ʷʢʽʩʪʴ 

ʨʦʙʦʪʠ ʚ ʮʽʣʦʤʫ. ʇʽʜ ʜʽʻʶ ʟʘʚʘʜ ɹɿʇɼ ʤʦʞʫʪʴ ʧʨʠʧʠʥʠʪʠ ʧʝʨʝʜʘʯʫ ʽʥʬʦʨʤʘʮʽʾ, 

ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʾʭ ʧʦʚʥʫ ʩʧʨʘʚʥʽʩʪʴ ʽ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ. 

ɺʨʘʭʦʚʫʶʯʽ ʮʝ, ʧʦʩʪʘʻ ʜʦʩʠʪʴ ʩʢʣʘʜʥʝ ʟʘʚʜʘʥʥʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʚ ɹɿʇɼ. ʋʩʧʽʰʥʝ ʾʾ ʚʠʨʽʰʝʥʥʷ ʧʦʪʨʝʙʫʻ ʨʦʟʨʦʙʢʠ 

ʚʽʜʧʦʚʽʜʥʠʭ ʤʝʪʦʜʽʚ ʥʘ ʦʩʥʦʚʽ ʘʜʘʧʪʠʚʥʦʛʦ ʢʦʜʫʚʘʥʥʷ. 

 

1.3. ɸʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʚ 

ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʟʘʩʦʙʘʭ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ 

 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʚ ɹɿʇɼ ʰʠʨʦʢʦ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʪʝʭʥʦʣʦʛʽʷ ʄɯʄʆ [87-90]. ɯʜʝʷ ʪʝʭʥʦʣʦʛʽʾ ʄɯʄʆ ʧʦʜʽʙʥʘ ʜʦ 

ʜʦʙʨʝ ʚʽʜʦʤʦʛʦ ʧʨʠʥʮʠʧʫ ʨʦʟʥʝʩʝʥʦʛʦ ʧʨʠʡʦʤʫ, ʢʦʣʠ ʚ ʩʠʩʪʝʤʽ ʟʚôʷʟʢʫ 

ʩʪʚʦʨʶʶʪʴʩʷ ʜʝʢʽʣʴʢʘ ʥʝʢʦʨʝʣʴʦʚʘʥʠʭ (ʥʝʟʘʣʝʞʥʠʭ) ʢʦʧʽʡ ʩʠʛʥʘʣʫ ʥʘ ʧʨʠʡʦʤʽ. 

ɺ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʨʝʘʣʽʟʫʻʪʴʩʷ ʧʨʦʩʪʦʨʦʚʝ ʤʫʣʴʪʠʧʣʝʢʩʫʚʘʥʥʷ: ʧʦʪʽʢ ʜʘʥʠʭ ʥʘ 

ʧʝʨʝʜʘʯʽ ʨʦʟʙʠʚʘʻʪʴʩʷ ʥʘ ʜʚʘ ʘʙʦ ʙʽʣʴʰʝ ʧʦʪʦʢʽʚ, ʢʦʞʥʠʡ ʟ ʷʢʠʭ ʧʝʨʝʜʘʻʪʴʩʷ 

ʦʜʥʦʯʘʩʥʦ ʟ ʽʥʰʠʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʟʥʠʭ ʘʥʪʝʥ. ʋ ʪʝʭʥʦʣʦʛʽʾ MIMO ʧʦʻʜʥʘʥʽ 

ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʽ
 
ʤʝʪʦʜʠ ʧʨʠʡʤʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʜʘʧʪʠʚʥʠʭ ʘʥʪʝʥ ʽ 

ʤʝʪʦʜʠ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʦʛʦ ʢʦʜʫʚʘʥʥʷ ʡ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʦʛʦ ʨʦʟʜʽʣʝʥʥʷ 

ʩʠʛʥʘʣʽʚ. 

ɹʘʛʘʪʦʝʣʝʤʝʥʪʥʽ ʘʥʪʝʥʥʽ ʧʨʠʩʪʨʦʾ ʟʘʙʝʟʧʝʯʫʶʪʴ: 



42 

ʨʦʟʰʠʨʝʥʥʷ ʟʦʥʠ ʧʦʢʨʠʪʪʷ ʨʘʜʽʦʩʠʛʥʘʣʘʤʠ ʪʘ ʟʛʣʘʜʞʫʚʘʥʥʷ ʚ ʥʽʡ 

Ăʤʝʨʪʚʠʭ ʟʦʥò; 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʝʢʽʣʴʢʦʭ ʥʝʟʘʣʝʞʥʠʭ ʰʣʷʭʽʚ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʩʠʛʥʘʣʫ, ʱʦ 

ʧʽʜʚʠʱʫʻ ʡʤʦʚʽʨʥʽʩʪʴ ʨʦʙʦʪʠ ʥʘ ʥʘʧʨʷʤʢʘʭ, ʥʘ ʷʢʠʭ ʤʝʥʰʠʡ ʚʧʣʠʚ ʟʘʚʤʠʨʘʥʴ; 

ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʣʽʥʽʡ ʟʚôʷʟʢʫ ʟʘ ʨʘʭʫʥʦʢ ʬʦʨʤʫʚʘʥʥʷ 

ʬʽʟʠʯʥʦ ʨʽʟʥʠʭ ʢʘʥʘʣʽʚ [87]. 

ɸʣʝ ʪʘʢʠʤ ʩʠʩʪʝʤʘʤ ʚʣʘʩʪʠʚʽ ʧʝʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ. 

ʈʦʟʛʣʷʥʝʤʦ ʦʩʥʦʚʥʽ ʟ ʥʠʭ. 

ɺ ʩʠʩʪʝʤʘʭ ʄɯʄʆ ʧʝʨʝʭʨʝʩʥʽ ʟʘʚʘʜʠ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʥʠʞʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʫʥʢʮʽʶʚʘʥʥʷ ɹɿʇɼ.  

ʈʦʟʛʣʷʥʝʤʦ ʄɯʄʆ ʩʠʩʪʝʤʫ ʄĬN, ʟʦʙʨʘʞʝʥʫ ʥʘ ʨʠʩ. 1.10, ʜʝ ʇʇɼ ï 

ʧʝʨʝʪʚʦʨʶʚʘʯ ʧʦʪʦʢʫ ʜʘʥʠʭ, ʇʜ ̔ï ʧʝʨʝʜʘʚʘʯ -̔ʦʛʦ ʢʘʥʘʣʫ, ʇʨ ̔ï  ʧʨʠʡʤʘʯ -̔ʦʛʦ 

ʢʘʥʘʣʫ. 

 

ʇʇɼ 
. 
. 
. 
 

ʇɼ1 

ʇɼ2 

ʇɼN 

ʇʈ1 

ʇʈ2 

ʇʈN 

. 

. 

. 
 

ʈʠʩ. 1.10. ʉʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʠ ʄɯʄʆ 

 

ʇʇɼ 

h11 

h12 

hNN 

 

ɺʠʩʦʢʦʰʚʠʜʢʽʩʥʠʡ ʧʦʪʽʢ ʜʘʥʠʭ ʨʦʟʙʠʚʘʻʪʴʩʷ ʥʘ ʄ ʥʝʟʘʣʝʞʥʠʭ 

ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʟ 1/ʄ ʰʚʠʜʢʦʩʪʽ, ʷʢʽ ʧʦʪʽʤ ʧʝʨʝʜʘʶʪʴʩʷ ʦʜʥʦʯʘʩʥʦ ʟ ʜʝʢʽʣʴʢʦʭ 

ʘʥʪʝʥ, ʚʽʜʧʦʚʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʪʽʣʴʢʠ 1/ʄ ʾʭ ʧʝʨʚʠʥʥʦʾ ʩʤʫʛʠ ʯʘʩʪʦʪ.  

ʇʝʨʝʪʚʦʨʶʚʘʯ ʧʦʪʦʢʫ ʜʘʥʠʭ ʥʘ ʧʝʨʝʜʘʚʘʣʴʥʦʤʫ ʢʽʥʮʽ ʣʽʥʽʾ ʟʚôʷʟʢʫ 

ʧʝʨʝʪʚʦʨʶʻ ʧʦʩʣʽʜʦʚʥʠʡ ʧʦʪʽʢ ʫ ʧʘʨʘʣʝʣʴʥʠʡ, ʘ ʥʘ ʧʨʠʡʤʘʣʴʥʦʤʫ ï ʚʠʢʦʥʫʻ 

ʟʚʦʨʦʪʥ ̒ʧʝʨʝʪʚʦʨʝʥʥʷ. 

ʇʝʨʝʜʘʪʦʯʥʘ ʬʫʥʢʮʽʷ ʙʘʛʘʪʦʧʨʦʤʝʥʝʚʦʛʦ ʢʘʥʘʣʫ ʦʧʠʩʫʻʪʴʩʷ ʤʘʪʨʠʮʝʶ ʅ 

[87]: 
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H                                         (1.25) 

ʜʝ hij ï ʧʝʨʝʜʘʪʦʯʥʘ ʬʫʥʢʮʽʷ ʤʽʞ i-ʦʶ ʧʝʨʝʜʘʚʘʣʴʥʦʶ ʪʘ j-ʦʶ ʧʨʠʡʤʘʣʴʥʦʶ 

ʘʥʪʝʥʘʤʠ. 

ʂʦʝʬʽʮʽʻʥʪʠ ʚʧʣʠʚʫ hij ʤʘʪʨʠʮʽ ʅ ʚ ʩʠʩʪʝʤʽ ʄɯʄʆ ʟʘʣʝʞʘʪʴ ʚʽʜ ʮʽʣʦʛʦ 

ʨʷʜʫ ʬʘʢʪʦʨʽʚ: 

ʜʽʘʛʨʘʤʠ ʩʧʨʷʤʦʚʘʥʦʩʪʽ ʘʥʪʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ; 

ʚʽʜʥʦʩʥʦʶ ʚʽʜʩʪʘʥʥʶ ʤʽʞ ʘʥʪʝʥʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ 
ɚ

d
( d ï ʚʽʜʩʪʘʥʴ ʤʽʞ 

ʩʫʩʽʜʥʽʤʠ ʘʥʪʝʥʘʤʠ, ɚ ï ʜʦʚʞʠʥʘ ʭʚʠʣʽ); 

ʚʽʜʩʪʘʥʥʶ ʤʽʞ ʧʝʨʝʜʘʶʯʠʤʠ ʪʘ ʧʨʠʡʤʘʣʴʥʠʤʠ ʘʥʪʝʥʘʤʠ L. 

ɿʤʝʥʰʝʥʥʷ ʚʽʜʥʦʩʥʦʾ ʚʽʜʩʪʘʥʽ ʤʽʞ ʘʥʪʝʥʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ 
ɚ

d
 ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʧʣʠʚʫ hij. ʇʨʠʯʦʤʫ iiij
d

hh =

­0
ɚ

lim . 

ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ, ʚʠʨʽʰʠʪʠ ʟʘʜʘʯʫ ʨʦʟʨʽʟʥʝʥʥʷ ʧʝʨʝʜʘʥʠʭ ʩʠʛʥʘʣʽʚ ʥʘ 

ʧʨʠʡʦʤʽ ʥʝʤʦʞʣʠʚʦ. ɺʞʝ ʧʨʠ ʤʘʣʠʭ ʨʽʟʥʠʮʷʭ ʤʽʞ ʢʦʝʬʽʮʽʻʥʪʘʤʠ hij ʪʘ hiʽ ʟʘʜʘʯʫ 

ʤʦʞʣʠʚʦ ʚʠʨʽʰʠʪʠ, ʦʜʥʘʢ ʽʟ-ʟʘ ʥʘʷʚʥʦʩʪʽ ʚ ʩʠʩʪʝʤʽ ʟʚôʷʟʢʫ ʰʫʤʽʚ ʪʘ ʟʘʚʘʜ, 

ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʧʦʤʠʣʢʠ. ʊʦʤʫ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʩʠʩʪʝʤʠ ʥʝʦʙʭʽʜʥʦ 

ʧʽʜʚʠʱʫʚʘʪʠ ʨʽʟʥʠʮʶ ʤʽʞ ʢʦʝʬʽʮʽʻʥʪʘʤʠ hij ʪʘ hiʽ. 

ʗʢʱʦ ʟʘʜʘʪʠ ʧʨʠʡʥʷʪʥʽ ʟʥʘʯʝʥʥʷ hij, ʪʦʜʽ ʟʤʝʥʰʝʥʥʷ ʚʽʜʥʦʩʥʦʾ ʚʽʜʩʪʘʥʽ 

ʤʽʞ ʘʥʪʝʥʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ 
ɚ

d
, ʪʘ, ʚʽʜʧʦʚʽʜʥʦ, ʟʘʛʘʣʴʥʠʭ ʨʦʟʤʽʨʽʚ ʘʥʪʝʥʥʦʾ 

ʩʠʩʪʝʤʠ, ʤʦʞʣʠʚʦ ʜʦʩʷʛʪʠ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʩʦʢʦʩʧʨʷʤʦʚʘʥʠʭ 

ʘʥʪʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ. 

ʇʨʠ ʨʝʘʣʽʟʘʮʽʾ ʩʠʩʪʝʤʠ ʄɯʄʆ ʚʘʞʣʠʚʠʤ ʻ ʧʨʘʚʠʣʴʥʠʡ ʚʠʙʽʨ ʩʭʝʤʠ 

ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʦʛʦ ʢʦʜʫʚʘʥʥʷ [87]. ʊʫʪ ʥʝʦʙʭʽʜʥʦ ʚʩʪʘʥʦʚʠʪʠ ʦʧʪʠʤʘʣʴʥʠʡ 

ʙʘʣʘʥʩ ʤʽʞ ʝʥʝʨʛʝʪʠʯʥʠʤ ʚʠʛʨʘʰʝʤ ʢʦʜʫʚʘʥʥʷ (ɽɺʂ), ʚʽʜʥʦʩʥʦʶ ʰʚʠʜʢʽʩʪʶ 

ʢʦʜʫʚʘʥʥʷ ʪʘ ʩʢʣʘʜʥʽʩʪʶ ʨʝʘʣʽʟʘʮʽʾ ʚʠʙʨʘʥʦʾ ʩʭʝʤʠ. ʇʨʠ ʚʠʙʦʨʽ ʪʦʛʦ, ʘʙʦ ʽʥʰʦʛʦ 
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ʢʦʜʫ ʧʨʦʚʦʜʠʪʴʩʷ ʦʮʽʥʢʘ ɽɺʂ. ʊʝʦʨʝʪʠʯʥʘ ʦʮʽʥʢʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ɽɺʂ 

ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʫ [88]. ɺ ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʤʝʪʦʜʘʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʭʝʤʠ ʟ 

ʚʠʜʘʤʠ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʦʛʦ ʢʦʜʫʚʘʥʥʷ STC (space time coding) ʪʘ ʙʣʦʯʥʦʛʦ 

ʢʦʜʫ ɸʣʘʤʦʫʪʽ, ʦʜʥʘʢ ʮʝ ʥʝ ʚʠʢʣʶʯʘʻ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʰʠʭ ʩʭʝʤ 

ʢʦʜʫʚʘʥʥʷ. 

ʇʨʦʮʝʩ ʢʦʜʫʚʘʥʥʷ ʟʘ ʩʭʝʤʦʶ ɸʣʘʤʦʫʪʽ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʧʝʨʝʨʦʟʧʦʜʽʣ 

ʩʠʤʚʦʣʽʚ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʤʘʪʨʠʮʽ: 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʥʝʚʘʞʢʦ ʧʝʨʝʢʦʥʘʪʠʩʷ, ʱʦ ʽʥʬʦʨʤʘʮʽʷ, ʷʢʘ ʧʝʨʝʜʘʻʪʴʩʷ ʫ 

ʜʚʦʭ ʪʨʘʢʪʘʭ, ʬʘʢʪʠʯʥʦ ʜʫʙʣʶʻʪʴʩʷ ʫ ʨʽʟʥʽ ʧʨʦʤʽʞʢʠ ʯʘʩʫ. ʎʷ ʩʭʝʤʘ ʚ ʩʠʣʫ 

ʩʚʦʻʾ ʧʨʦʩʪʦʪʠ ʤʘʻ ʰʠʨʦʢʝ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ, ʦʜʥʘʢ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʥʝʚʠʩʦʢʠʤ ɽɺʂ, ʧʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤʠ ʢʦʜʘʤʠ, ʢʘʩʢʘʜʥʠʤʠ ʢʦʜʘʤʠ (ʚ ʜʘʥʦʤʫ 

ʚʠʧʘʜʢʫ ï ʪʘʥʜʝʤ ʽʟ ʙʣʦʯʥʦʛʦ ʪʘ ʨʝhʽʪʯʘʪʦʛʦ ʢʦʜʫʚʘʥʥʷ) ʪʘ ʢʦʜʘʤʠ STC. 

ɺ ʩʭʝʤʽ ʢʦʜʫʚʘʥʥʷ STC ʦʩʥʦʚʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʻ ʨʝʰʽʪʯʘʪʠʡ ʢʦʜ ɺʽʪʝʨʙʽ 

ʪʘ ʤʦʜʫʣʷʪʦʨ ʟ ʙʘʛʘʪʦʧʦʟʠʮʽʡʥʦʶ ʢʚʘʜʨʘʪʫʨʥʦʶ ʘʤʧʣʽʪʫʜʥʦʶ ʤʘʥʽʧʫʣʷʮʽʻʶ 

(ʂɸʄ), ʘʙʦ ʙʘʛʘʪʦʧʦʟʠʮʽʡʥʦʶ ʬʘʟʦʚʦʶ ʤʘʥʽʧʫʣʷʮʽʻʶ (ʌʄ). ʉʭʝʤʘ ʢʦʜʫʚʘʥʥʷ 

STC ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʽʜʥʦʩʥʦ ʚʠʩʦʢʠʤ ɽɺʂ, ʷʢʠʡ ʤʦʞʝ ʙʫʪʠ ʜʦʜʘʪʢʦʚʦ 

ʟʙʽʣʴʰʝʥʠʡ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʫ ʾʾ ʩʢʣʘʜʽ ʢʘʩʢʘʜʥʦʾ ʩʭʝʤʠ ʢʦʜʫʚʘʥʥʷ [90-92]. 

ɼʣʷ ʩʧʨʦʱʝʥʥʷ, ʨʦʟʧʦʜʽʣ ʢʫʪʽʚ ʥʘʜʭʦʜʞʝʥʥʷ ʧʨʦʤʝʥʽʚ ʥʘ ʧʨʠʡʤʘʣʴʥʽʡ 

ʩʪʦʨʦʥʽ ʪʘ ʢʫʪʽʚ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʧʝʨʝʜʘʚʘʣʴʥʽʡ ʩʪʦʨʦʥʽ ʚʠʨʘʞʝʥʠʡ ʦʜʥʠʤ 

ʟʘʛʘʣʴʥʠʤ ʤʝʪʦʜʦʤ, ʚ ʦʩʥʦʚʫ ʷʢʦʛʦ ʧʦʢʣʘʜʝʥʠʡ ʨʦʟʧʦʜʽʣ ɻʘʫʩʘ. 

ʂʦʨʝʣʷʮʽʡʥʽ ʤʘʪʨʠʮʽ ʥʘ ʧʨʠʡʦʤʽ ʪʘ ʧʝʨʝʜʘʯʽ ʚʠʛʣʷʜʘʶʪʴ ʥʘʩʪʫʧʥʠʤ 

ʯʠʥʦʤ: 
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arctg , L ï ʚʽʜʩʪʘʥʴ ʤʽʞ 

ʧʝʨʝʜʘʚʘʣʴʥʦʶ ʪʘ ʧʨʠʡʤʘʣʴʥʦʶ ʘʥʪʝʥʘʤʠ, ɛ ï ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʨʘʭʦʚʫʻ ʩʪʫʧʽʥʴ 

ʟʘʚʤʠʨʘʥʴ ʩʠʛʥʘʣʫ ʚ ʢʘʥʘʣʽ, ů ï ʚʽʜʭʠʣʝʥʥʷ ʜʽʘʛʨʘʤʠ ʩʧʨʷʤʦʚʘʥʦʩʪʽ ʘʥʪʝʥʠ. 

ʋ ʩʠʩʪʝʤʘʭ MIMO ʚʠʥʠʢʘʻ ʧʨʦʙʣʝʤʘ ʨʦʟʧʦʜʽʣʫ ʟʘʛʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ PS 

ʩʠʩʪʝʤʠ ʧʦ ʽʥʜʠʚʽʜʫʘʣʴʥʠʤ ʧʽʜʢʘʥʘʣʘʤ, ʷʢʘ ʚʠʨʽʰʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʥʘʩʪʫʧʥʠʭ ʤʝʪʦʜʽʚ. 

1. ʈʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ ʧʦʪʫʞʥʦʩʪʽ UPA (Uniform Power Allocation). ʋ 

ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʫ ʚʩʽʭ ʧʦʜʢʘʥʘʣʘʭ ʧʝʨʝʜʘʶʪʴʩʷ ʩʠʛʥʘʣʠ ʦʜʥʘʢʦʚʦʾ ʧʦʪʫʞʥʦʩʪʽ 

 P j= PS/N. 

2. ɺʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʩʽʻʾ ʧʦʪʫʞʥʦʩʪʽ ʫ ʧʽʜʢʘʥʘʣ, ʟʘʛʘʩʘʥʥʷ ʚ ʷʢʦʤʫ ʧʨʠ 

ʧʨʠʡʤʘʥʥʽ ʻ ʤʽʥʽʤʘʣʴʥʠʤ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ (MG - Maximum Gain) ʋ 

ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʩʠʩʪʝʤʠ ʙʫʜʝ ʟʙʽʛʘʪʠʩʷ ʽʟ ʧʨʦʧʫʩʢʥʦʶ 

ʟʜʘʪʥʽʩʪʶ ʦʜʥʦʛʦ ʧʽʜʢʘʥʘʣʫ, ʱʦ ʻ ʟʘ ʢʨʠʪʝʨʽʻʤ ʤʽʥʽʤʘʣʴʥʦʾ 

ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʾ ʧʦʤʠʣʢʠ MMSE (ʄinimum Mean-Square Error) 

ʦʧʪʠʤʘʣʴʥʠʤ ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ.  

3. ʆʧʪʠʤʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ ʧʦʪʫʞʥʦʩʪʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ WF-ʩʪʨʘʪʝʛʽʾ (ʘʣʛʦʨʠʪʤ 

Water-Filling) ʜʦʟʚʦʣʷʻ ʧʦʧʝʨʝʜʥʴʦ çʟʚʘʞʫʚʘʪʠè ʧʝʨʝʜʘʥʽ ʩʠʛʥʘʣʠ ʜʣʷ ʘʜʘʧʪʘʮʽʾ 

ʨʦʟʧʦʜʽʣʫ ʾʭ ʧʦʪʫʞʥʦʩʪʝʡ ʫ ʧʽʜʢʘʥʘʣʠ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʨʦʟʥʝʩʝʥʦʾ ʧʝʨʝʜʘʯʽ (ʈʇ) ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʦʛʦ, 

,̒ ʯʠ ʚʽʜʩʫʪʥʷ ʥʘ ʧʝʨʝʜʘʚʘʣʴʥʽʡ ʩʪʦʨʦʥʽ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʩʪʘʥ ʢʘʥʘʣʫ (ʧʨʦ ʚʝʢʪʦʨ 

H ʚʘʛʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ). ɿʘ ʥʘʷʚʥʦʩʪʽ ʪʘʢʦʾ ʽʥʬʦʨʤʘʮʽʾ ʤʦʞʣʠʚʘ ʨʝʘʣʽʟʘʮʽʷ 

ʘʜʘʧʪʠʚʥʦʾ ʧʝʨʝʜʘʯʽ, ʫʟʛʦʜʞʝʥʦʾ ʟ ʢʘʥʘʣʦʤ.  

ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʧʝʨʝʜʘʯʘ ʩʠʛʥʘʣʽʚ ʚʝʜʝʪʴʩʷ ʟ M ʘʥʪʝʥ, ʪʦʙʪʦ ʚ ʩʠʩʪʝʤʽ ʻ 

M ʛʽʣʦʢ ʨʦʟʥʝʩʝʥʥʷ. ɺʣʘʩʪʠʚʦʩʪʽ ʧʨʦʩʪʦʨʦʚʦʛʦ ʢʘʥʘʣʫ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʝʢʪʦʨʦʤ-

ʩʪʦʚʧʮʝʤ H = (h1, h2é, hM)
ʊ 
ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʝʨʝʜʘʯʽ [87]. 

ʈʦʟʛʣʷʥʝʤʦ ʨʝʣʝ̒ ʚʩʴʢʠʡ ʢʘʥʘʣ. ʗʢʱʦ ʧʝʨʝʜʘʻʪʴʩʷ ʩʠʤʚʦʣ d(t) ʦʜʠʥʠʯʥʦʾ 

ʘʤʧʣʽʪʫʜʠ, ʪʦ ʧʨʠʡʥʷʪʠʡ ʩʠʛʥʘʣ x(t) ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ: 

 

)()()( 00 tzthdPktx += ,                                           (1.27) 
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ʜʝ k0 ï ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʠʟʥʘʯʘʻ ʟʘʛʘʩʘʥʥʷ ʽ ʚʪʨʘʪʠ ʚ ʢʘʥʘʣʽ; P0 ï ʩʝʨʝʜʥʷ 

ʧʦʪʫʞʥʽʩʪʴ; z(t) ïh ʫʤʦʚʘ ʟʘʚʘʜʘ; h ï ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ. 

ɺʚʘʞʘʪʠʤʝʤʦ ʰʫʤʦʚʫ ʟʘʚʘʜʫ ʚʠʧʘʜʢʦʚʠʤ ʧʨʦʮʝʩʦʤ ɻʘʫʩʘ ʟ ʥʫʣʴʦʚʠʤ 

ʩʝʨʝʜʥʽʤ ʽ ʜʠʩʧʝʨʩʽʻʶ < z(t)z*(t) > = ů0
2
, <é> ï ʟʥʘʢ ʩʪʘʪʠʩʪʠʯʥʦʛʦ 

ʫʩʝʨʝʜʥʶʚʘʥʥʷ. ʂʦʝʬʽʮʽʻʥʪ k0 ʫ ʚʠʨʘʟʽ (1.27) ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʨʽʚʥʠʤ ʦʜʠʥʠʮʽ 

(k0=1), ʜʠʩʧʝʨʩʽʶ ʬʣʫʢʪʫʘʮʽʡ ʢʘʥʘʣʴʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ < |h|
2 
> = 1. 

ɿ ʚʠʨʘʟʫ (1.27) ʦʪʨʠʤʘʻʤʦ, ʱʦ ʤʠʪʪʻʚʝ ʟʥʘʯʝʥʥʷ ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ/ʰʫʤ 

(ɺʉʐ) ʜʦʨʽʚʥʶʻ: 

 

22

0

2 hQQ = ,                                                    (1.28) 

 

ʜʝ 
2
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0

P
Q =  ï ʩʝʨʝʜʥʻ ɺʉʐ.  

ʗʢʱʦ ʩʪʘʥ ʢʘʥʘʣʫ ʥʝʚʽʜʦʤʠʡ ʧʝʨʝʜʘʚʘʯʫ, ʪʦ ʧʦʪʫʞʥʽʩʪʴ ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ 

ʨʽʚʥʦʤʽʨʥʦ ʤʽʞ M ʧʝʨʝʜʘʚʘʣʴʥʠʤʠ ʘʥʪʝʥʘʤʠ, ʽ ʧʨʠʡʥʷʪʠʡ ʩʠʛʥʘʣ x(t) ʙʫʜʝ 

ʜʦʨʽʚʥʶʚʘʪʠ: 
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ɿʚʽʜʩʠ ʦʪʨʠʤʘʻʤʦ, ʱʦ ɺʉʐ ʜʦʨʽʚʥʶ :̒ 
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.                                              (1.30) 

 

ʇʦʨʽʚʥʷʻʤʦ ʚʠʨʘʟʠ (1.28) ʟ (1.30), ʚʚʘʞʘʶʯʠ ʟʘʚʤʠʨʘʥʥʷ ʩʠʛʥʘʣʽʚ ʚ ʨʽʟʥʠʭ 

ʘʥʪʝʥʘʭ ʥʝʢʦʨʝʣʴʦʚʘʥʠʤʠ ʤʽʞ ʩʦʙʦʶ. ɺʠʜʥʦ, ʱʦ ʩʪʘʪʠʩʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ɺʉʐ 

ʚ ʮʠʭ ʚʠʨʘʟʘʭ ʻ ʦʜʥʘʢʦʚʠʤʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʷʢʱʦ ʧʝʨʝʜʘʚʘʯʫ ʥʝʚʽʜʦʤʠʡ ʩʪʘʥ ʢʘʥʘʣʫ, ʪʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʈʇ ʰʣʷʭʦʤ ʧʨʦʩʪʦʛʦ ʨʦʟʜʽʣʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʤʽʞ ʧʝʨʝʜʘʚʘʣʴʥʠʤʠ ʘʥʪʝʥʘʤʠ ʥʝ 

ʟʤʽʥʶʻ ʡʤʦʚʽʨʥʦʩʪʽ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ [87]. ʊʦʤʫ ʥʘ ʧʨʘʢʪʠʮʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 
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ʨʽʟʥʽ ʤʝʪʦʜʠ ʬʦʨʤʫʚʘʥʥʷ ʩʠʛʥʘʣʽʚ ʚ ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʘʥʪʝʥʘʭ, ʷʢʠʤ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʨʽʟʥʽ ʚʠʜʠ ʈʇ. ʈʦʟʛʣʷʥʝʤʦ ʜʝʷʢʽ ʟ ʥʠʭ ʜʣʷ ʚʠʧʘʜʢʫ ʨʦʟʥʝʩʝʥʦʾ ʧʝʨʝʜʘʯʽ ʟ ʜʚʦʭ 

ʘʥʪʝʥ. 

ʌʘʟʦʚʘ ʨʦʟʥʝʩʝʥʘ ʧʝʨʝʜʘʯʘ ʻ ʥʘʡʙʽʣʴʰ ʧʨʦʩʪʠʤ ʚʠʜʦʤ ʈʇ. ʂʦʞʝʥ ʽʤʧʫʣʴʩ 

ʨʦʟʜʽʣʷʻʪʴʩʷ ʥʘ ʜʚʽ ʘʥʪʝʥʠ ʽ ʚʠʧʨʦʤʽʥʶʻʪʴʩʷ ʦʜʥʦʯʘʩʥʦ.  

ʇʨʦʪʝ ʬʘʟʘ ʩʠʤʚʦʣʫ ʚ ʜʨʫʛʽʡ ʛʽʣʮʽ ʧʽʜʜʘʻʪʴʩʷ ʮʠʢʣʽʯʥʦʤʫ ʧʦʚʦʨʦʪʫ, ʷʢʠʡ 

ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʟʩʫʚʫ ʯʘʩʪʦʪʠ ʥʘ ʜʝʷʢʫ ʚʝʣʠʯʠʥʫ.  

ʉʠʩʪʝʤʫ ʟ ʬʘʟʦʚʦʶ ʈʇ ʤʦʞʥʘ ʟʚʝʩʪʠ ʜʦ ʙʘʟʦʚʦʾ ʩʠʩʪʝʤʠ ʙʝʟ ʈʇ, ʷʢʱʦ 

ʚʚʝʩʪʠ ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʢʘʥʘʣ ʟʚ'ʷʟʢʫ ʟ ʢʦʝʬʽʮʽʻʥʪʦʤ ʧʝʨʝʜʘʯʽ h ʜʣʷ i-ʛʦ ʧʨʦʤʝʥʷ, 

ʷʢʠʡ ʜʦʨʽʚʥʶʻ: 

 

( )ftjehhh D+= 2

21

~
,                                                (1.31) 

 

ʜʝ h1 ʽ h2 ï ʢʦʝʬʽʮʽʻʥʪʠ ʧʝʨʝʜʘʯʽ ʜʣʷ ʧʝʨʰʦʾ ʽ ʜʨʫʛʦʾ ʘʥʪʝʥ, ʚʽʜʧʦʚʽʜʥʦ. 

ʐʚʠʜʢʽʩʪʴ ʟʤʽʥʠ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʨʦʩʪʦʨʦʚʦʛʦ ʢʘʥʘʣʫ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʢʦʨʠʩʪʫʚʘʯʽʚ. ɼʣʷ ʩʪʽʣʴʥʠʢʦʚʠʭ ʩʠʩʪʝʤ ʟʚôʷʟʢʫ ʧʨʠʡʥʷʪʥʦʶ ʻ 

ʤʦʜʝʣʴ ʂʣʘʨʢʘ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʷʢʦʾ ʨʦʟʩʽʶʚʘʯʽ ʨʽʚʥʦʤʽʨʥʦ ʦʪʦʯʫʶʪʴ ʨʫʭʦʤʦʛʦ 

ʢʦʨʠʩʪʫʚʘʯʘ [12]. ʊʦʜʽ ʯʘʩʦʚʠʡ ʤʘʩʰʪʘʙ ʟʤʽʥʠ ʢʘʥʘʣʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʫʥʢʮʽʻʶ 

ʘʚʪʦʢʦʨʝʣʷʮʽʾ B(Ű) = < h(t)h* (t + Ű) > ʨʝʣʝʻʚʩʴʢʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʝʨʝʜʘʯʽ h, ʷʢʘ 

ʜʣʷ ʤʦʜʝʣʽ ʂʣʘʨʢʘ ʜʦʨʽʚʥʶʻ: 

 

B(Ű) = J0(2ˊȹfdŰ),                                                (1.32) 

 

ʜʝ J0(Å) ï ʬʫʥʢʮʽʷ ɹʝʩʝʣʷ ʧʝʨʰʦʛʦ ʨʦʜʫ ʥʫʣʴʦʚʦʛʦ ʧʦʨʷʜʢʫ, fd = v/ɚ ï 

ʤʘʢʩʠʤʘʣʴʥʘ ʯʘʩʪʦʪʘ ɼʦʧʣʝʨʘ, v ï ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʢʦʨʠʩʪʫʚʘʯʘ, ɚ ï ʜʦʚʞʠʥʘ 

ʭʚʠʣʽ. ɺʽʜʧʦʚʽʜʥʠʡ ʩʧʝʢʪʨ ʧʦʪʫʞʥʦʩʪʽ S(f) ʨʝʣʝʻʚʩʴʢʠʭ ʬʣʫʢʪʫʘʮʽʡ ʢʘʥʘʣʫ 

ʥʘʟʠʚʘʻʪʴʩʷ ʩʧʝʢʪʨʦʤ ɼʞʝʡʢʩʘ ʽ ʤʘʻ ʚʠʛʣʷʜ: 

  

22

1
)(

ff
fS

d -
= .                                                (1.33) 

 

ɼʣʷ ʧʦʷʩʥʝʥʥʷ ʬʘʟʦʚʦʾ ʈʇ ʟʥʘʡʜʝʤʦ ʘʚʪʦʢʦʨʝʣʷʮʽʡʥʫ ʬʫʥʢʮʽʶ 

ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʧʝʨʝʜʘʯʽ. ɺʨʘʭʦʚʫʶʯʠ (1.33), ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ, ʱʦ 
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( ˊ Ű )(Ű ) 2 (Ű ) cos(ˊ Ű )j fB B f e- D= Ö D Ö .                                    (1.34) 

 

ɺʽʜʧʦʚʽʜʥʠʡ ʩʧʝʢʪʨ ʧʦʪʫʞʥʦʩʪʽ )(
~

fS  ʨʝʣʝ̒ ʚʩʴʢʠʭ ʬʣʫʢʪʫʘʮʽʡ 

ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʢʘʥʘʣʫ ʜʦʨʽʚʥʶʻ ( ) ( ) ( )S f S f S f f= + +D. 

ʌʘʟʦʚʘ ʈʇ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʚʫʞʝʥʥʷ ʘʚʪʦʢʦʨʝʣʷʮʽʡʥʦʾ ʬʫʥʢʮʽʾ ʟʘʚʤʠʨʘʥʴ 

ʩʠʛʥʘʣʽʚ ʽ ʜʦ ʚʽʜʧʦʚʽʜʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʩʧʝʢʪʨʘ ʬʣʫʢʪʫʘʮʽʡ ʢʘʥʘʣʫ. ɯʥʰʠʤʠ 

ʩʣʦʚʘʤʠ ʟʘʚʤʠʨʘʥʥʷ ʩʪʘʶʪʴ ʰʚʠʜʰʠʤʠ, ʱʦ ʻ ʩʧʨʠʷʪʣʠʚʽʰʠʤ ʜʣʷ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʛʦ ʜʝʢʦʜʝʨʘ ɺʽʪʝʨʙʽ ʽ ʟʘʙʝʟʧʝʯʫʻ ʟʤʝʥʰʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ  

ʧʦʤʠʣʢʠ ʧʨʠ ʦʜʥʘʢʦʚʽʡ ʧʦʪʫʞʥʦʩʪʽ ʩʠʛʥʘʣʽʚ.  

ʈʦʟʛʣʷʥʝʤʦ ʪʝʧʝʨ ʦʨʪʦʛʦʥʘʣʴʥʫ ʈʇ. ɯʥʬʦʨʤʘʮʽʡʥʽ ʩʠʤʚʦʣʠ ʨʦʟʜʽʣʷʶʪʴʩʷ 

ʥʘ ʜʚʘ ʥʝʟʘʣʝʞʥʽ ʧʦʪʦʢʠ. ʅʝʧʘʨʥʽ ʽʤʧʫʣʴʩʠ ʚʠʧʨʦʤʽʥʶʶʪʴʩʷ ʯʝʨʝʟ ʧʝʨʰʫ 

ʘʥʪʝʥʫ, ʘ ʧʘʨʥʽ ï ʯʝʨʝʟ ʜʨʫʛʫ. ɼʣʷ ʨʦʟʜʽʣʝʥʥʷ ʮʠʭ ʧʦʪʦʢʽʚ ʨʽʟʥʽ ʦʨʪʦʛʦʥʘʣʴʥʽ 

ʤʽʞ ʩʦʙʦʶ ʢʦʜʦʚʽ ʧʩʝʚʜʦʰʫʤʦʚʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʤʦʜʫʣʷʮʽʾ 

ʢʦʞʥʦʛʦ ʟ ʥʠʭ, ʱʦ ʧʨʠʧʫʩʢʘʻ ʾʭ ʥʝʟʘʣʝʞʥʫ ʦʙʨʦʙʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʚʦʭ 

ʦʧʪʠʤʘʣʴʥʠʭ ʬʽʣʴʪʨʽʚ. ʆʯʝʚʠʜʥʦ, ʱʦ ʩʠʩʪʝʤʫ ʟ ʦʨʪʦʛʦʥʘʣʴʥʦʶ ʈʇ ʥʝ ʤʦʞʣʠʚʦ 

ʟʚʝʩʪʠ ʜʦ ʩʠʩʪʝʤʠ ʙʝʟ ʨʦʟʥʝʩʝʥʦʾ ʧʝʨʝʜʘʯʽ, ʰʣʷʭʦʤ ʚʚʝʜʝʥʥʷ ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ 

ʢʘʥʘʣʫ ʟʚôʷʟʢʫ. 

ɹʽʪʦʚʘ ʧʦʤʠʣʢʘ ʚʠʭʽʜʥʦʛʦ ʧʦʪʦʢʫ ʧʦʚôʷʟʘʥʘ ʟ ʙʽʪʦʚʠʤʠ ʧʦʤʠʣʢʘʤʠ E1 ʽ E2 

ʦʢʨʝʤʠʭ ʛʽʣʦʢ ʥʘʩʪʫʧʥʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ [12] 

 

( )21
21

2

1

2
2
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== ,                                      (1.35) 

 

ʜʝ N ï ʟʘʛʘʣʴʥʝ ʯʠʩʣʦ ʧʝʨʝʜʘʥʠʭ ʙʽʪ, Ne ï ʟʘʛʘʣʴʥʝ ʯʠʩʣʦ ʧʦʤʠʣʢʦʚʦ ʧʨʠʡʥʷʪʠʭ 

ʙʽʪ, Ne1 ʽ Ne2 ʯʠʩʣʦ ʧʦʤʠʣʢʦʚʦ ʧʨʠʡʥʷʪʠʭ ʙʽʪ ʜʣʷ ʧʝʨʰʦʾ ʽ ʜʨʫʛʦʾ ʛʽʣʢʠ, 

ʚʽʜʧʦʚʽʜʥʦ. 

ʇʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʨʪʦʛʦʥʘʣʴʥʦʾ ʈʇ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʥʘʩʪʫʧʥʠʤ 

ʯʠʥʦʤ. ʗʢʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʩʣʘʙʣʝʥʥʷ ʩʠʛʥʘʣʽʚ, ʧʝʨʝʜʘʥʠʭ, ʥʘʧʨʠʢʣʘʜ, ʜʨʫʛʦʶ 

ʘʥʪʝʥʦʶ (ʧʘʨʥʠʭ ʩʠʤʚʦʣʽʚ), ʪʦ ʧʨʠ ʥʝʟʘʣʝʞʥʠʭ ʬʣʫʢʪʫʘʮʽʷʭ, ʡʤʦʚʽʨʥʽʩʪʴ 

ʦʜʥʦʯʘʩʥʠʭ ʟʘʚʤʠʨʘʥʴ ʥʝʧʘʨʥʠʭ ʩʠʤʚʦʣʽʚ ʻ ʤʘʣʦʶ. ʊʦʤʫ ʧʽʩʣʷ ʦʙôʻʜʥʘʥʥʷ 
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ʚʠʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ ʦʧʪʠʤʘʣʴʥʠʭ ʬʽʣʴʪʨʽʚ ʚ ʻʜʠʥʠʡ ʧʦʪʽʢ ʩʣʘʙʢʽ ʩʠʛʥʘʣʠ 

ʯʝʨʛʫʚʘʪʠʤʫʪʴʩʷ ʟ ʩʠʣʴʥʠʤʠ. ʇʨʠ ʮʴʦʤʫ ʜʝʢʦʜʝʨ ɺʽʪʝʨʙʽ ʟʘʙʝʟʧʝʯʠʪʴ ʤʝʥʰʫ 

ʡʤʦʚʽʨʥʽʩʪʴ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ, ʥʽʞ ʚ ʩʠʩʪʝʤʽ ʟ ʦʜʥʽʻʶ ʘʥʪʝʥʦʶ. 

ʆʨʪʦʛʦʥʘʣʴʥʘ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʘ ʨʦʟʥʝʩʝʥʘ ʧʝʨʝʜʘʯʘ (ʩʭʝʤʘ Alamouti) 

ʙʫʣʘ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ɸʣʘʤʦʫʪʽ ʽ ʻ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʚʠʜʦʤ ʥʝʘʜʘʧʪʠʚʥʦʾ ʈʇ, 

ʦʩʢʽʣʴʢʠ ʦʙôʻʜʥʫʻ ʧʨʦʩʪʦʨʦʚʝ ʽ ʯʘʩʦʚʝ ʨʦʟʥʝʩʝʥʥʷ. ʄʦʜʫʣʴʦʚʘʥʽ ʽʤʧʫʣʴʩʠ 

ʨʦʟʜʽʣʷʶʪʴʩʷ ʥʘ ʙʣʦʢʠ ʧʦ ʜʚʘ ʧʦʩʣʽʜʦʚʥʽ ʽʤʧʫʣʴʩʠ ʚ ʢʦʞʥʦʤʫ, ʽ ʧʦʩʪʫʧʘʶʪʴ ʥʘ 

ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʠʡ ʢʦʜʝʨ, ʚ ʷʢʦʤʫ ʬʘʟʘ ʢʦʞʥʦʛʦ ʟ ʽʤʧʫʣʴʩʽʚ ʟʤʽʥʶʻʪʴʩʷ 

(ʢʦʜʫʻʪʴʩʷ) ʩʧʝʮʽʘʣʴʥʠʤ ʯʠʥʦʤ, ʽ ʧʦʪʽʤ ʚʦʥʠ ʚʠʧʨʦʤʽʥʶʻʪʴʩʷ ʦʙʦʤʘ ʘʥʪʝʥʘʤʠ. 

ʅʝʭʘʡ ʻ ʜʚʘ ʽʤʧʫʣʴʩʠ d1 ʽ d2. ʊʦʜʽ ʚ ʧʝʨʰʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʧʝʨʰʘ ʘʥʪʝʥʘ 

ʚʠʧʨʦʤʽʥʶʻ ʽʤʧʫʣʴʩ d1, ʘ ʜʨʫʛʘ ï (ïd2*), ʘ ʚ ʜʨʫʛʠʡ ʤʦʤʝʥʪ ʯʘʩʫ 

ʚʠʧʨʦʤʽʥʶʶʪʴʩʷ ʽʤʧʫʣʴʩʠ d2 ʽ d1*, ʚʽʜʧʦʚʽʜʥʦ. ʆʩʢʽʣʴʢʠ ʦʜʥʦʯʘʩʥʦ 

ʚʠʧʨʦʤʽʥʶʶʪʴʩʷ ʜʚʘ ʨ̔ʟʥʠʭ ʩʠʤʚʦʣʠ, ʪʦ ʚʦʥʠ ʦʜʥʦʯʘʩʥʦ ʧʨʠʭʦʜʷʪʴ ʚ 

ʧʨʠʡʤʘʣʴʥʫ ʘʥʪʝʥʫ ʽ ʾʭ ʥʝʦʙʭʽʜʥʦ ʨʦʟʜʽʣʠʪʠ ʤʽʞ ʩʦʙʦʶ. ɼʣʷ ʮʴʦʛʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʇʏ ʜʝʢʦʜʝʨ ʟ ʣʽʥʽʡʥʦʶ ʦʙʨʦʙʢʦʶ ʩʠʛʥʘʣʽʚ. 

ʊʨʠʚʘʣʽʩʪʴ ʽʤʧʫʣʴʩʽʚ ʚ ʩʠʩʪʝʤʘʭ ʟʚôʷʟʢʫ, ʟʚʠʯʘʡʥʦ, ʟʥʘʯʥʦ ʤʝʥʰʝ ʯʘʩʫ 

ʟʤʽʥʠ ʢʘʥʘʣʴʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ. ʆʪʞʝ, ʾʭ ʤʦʞʣʠʚʦ ʚʚʘʞʘʪʠ ʥʝʟʤʽʥʥʠʤʠ ʟʘ ʯʘʩ 

ʧʝʨʝʜʘʯʽ ʜʚʦʭ ʩʫʩʽʜʥʽʭ ʩʠʤʚʦʣʽʚ d1 ʽ d2. ʊʦʤʫ ʥʘ ʚʠʭʦʜʽ ʧʨʠʡʤʘʣʴʥʦʾ ʘʥʪʝʥʠ ʚ 

ʧʝʨʰʠʡ ʽ ʜʨʫʛʠʡ ʤʦʤʝʥʪʠ ʯʘʩʫ ʤʘʪʠʤʝʤʦ ʩʫʤʽʰ ʜʚʦʭ ʩʠʛʥʘʣʽʚ ʽ ʰʫʤʫ:  

 

)1()1( 2211 zdhdhy +-= *
,                                                (1.36) 

)2()2( 1221 zdhdhy ++= *
.                                               (1.37) 

 

ʇʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʠʡ ʜʝʢʦʜʝʨ ʟʘʙʝʟʧʝʯʫʻ ʨʦʟʜʽʣʝʥʥʷ ʩʠʛʥʘʣʽʚ d1 ʽ d2 ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʨʦʩʪʦʾ ʣʽʥʽʡʥʦʾ ʦʙʨʦʙʢʠ, ʷʢʫ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ, ʷʢ: 

 

21 )2()1()1( hyhyu **+= ,                                               (1.38) 

** +-= 12 )2()1()2( hyhyu .                                              (1.39) 

 

ʇʽʜʩʪʘʚʣʷʶʯʠ ʬʦʨʤʫʣʠ (1.36) ʽ (1.37) ʫ ʚʠʟʘʟʠ (1.38) ʽ (1.39) ʦʪʨʠʤʘʻʤʦ:  
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( ) 211
2

2
2

1 )2()1()1( hzhzdhhu **+++= ,                               (1.40) 

( ) *** +++= 121
2

2
2

1 )2()1()2( hzhzdhhu .                              (1.41) 

 

ɿʚʽʜʩʠ ʚʠʧʣʠʚʘʻ, ʱʦ ʧʦʪʫʞʥʽʩʪʴ ʰʫʤʫ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʜʚʦʭ ʩʠʛʥʘʣʽʚ ʥʘ 

ʚʠʭʦʜʽ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʦʛʦ ʜʝʢʦʜʝʨʘ ʜʦʨʽʚʥʶʻ 
2

2
2

1 hh + . ʅʦʨʤʫʻʤʦ ʮʽ 

ʚʠʭʽʜʥʽ ʩʠʛʥʘʣʠ ʪʘʢ, ʱʦʙ ʧʦʪʫʞʥʽʩʪʴ ʚʠʭʽʜʥʦʛʦ ʰʫʤʫ ʩʪʘʣʘ ʨʽʚʥʦʶ ʦʜʠʥʠʮʽ. 

ʊʦʜʽ: 

h

hzhz
dhu ~

)2()1(~
)1(~ 21

1

**+
+= ;                                         (1.42) 

h

hzhz
dhu ~

)2()1(~
)2(~ 12

2

** +
+= ,                                        (1.43) 

 

ʜʝ 
2

2
2

1
~

hhh += ʻ ʝʬʝʢʪʠʚʥʠʤ ʢʘʥʘʣʴʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʧʝʨʝʜʘʯʽ ʜʣʷ ʢʦʞʥʦʛʦ ʟ 

ʜʚʦʭ ʩʠʤʚʦʣʽʚ d1 ʽ d2. ʊʝʧʝʨ ʜʚʽ ʧʝʨʝʜʘʚʘʣʴʥʽ ʘʥʪʝʥʠ ʤʦʞʣʠʚʦ ʟʘʤʽʥʠʪʠ ʦʜʥʦʶ ʽ 

ʚʚʘʞʘʪʠ h ʢʘʥʘʣʴʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʧʝʨʝʜʘʯʽ ʜʣʷ ʮʽʻʾ ʘʥʪʝʥʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʚʠʭʦʜʽ ʜʝʢʦʜʝʨʘ ʻ ʜʚʘ ʨʦʟʜʽʣʝʥʽ ʩʠʤʚʦʣʠ d1 ʽ d2, ʜʣʷ 

ʢʦʞʥʦʛʦ ʟ ʷʢʠʭ ɺʉʐ ʤʘʻ ʦʜʥʘʢʦʚʫ ʚʝʣʠʯʠʥʫ, ʱʦ ʜʦʨʽʚʥʶʻ: 

 

( )2
2

2
1

2
0

2
2

2
1 5,0 hhQQQ +== ,                                       (1.44) 

 

ʜʝ ʤʥʦʞʥʠʢ 0,5 ʚʨʘʭʦʚʫʻ ʨʦʟʜʽʣʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ P0 ʤʽʞ ʧʝʨʝʜʘʚʘʣʴʥʠʤʠ 

ʘʥʪʝʥʘʤʠ. 

ɿ ʚʠʨʘʟʫ (1.44) ʚʠʧʣʠʚʘʻ, ʱʦ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʘ ʈʇ ʟʘʙʝʟʧʝʯʫʻ 

ʦʧʪʠʤʘʣʴʥʝ (ʢʦʛʝʨʝʥʪʥʝ) ʧʽʜʩʫʤʦʚʫʚʘʥʥʷ ʚʠʧʘʜʢʦʚʠʭ ʢʘʥʘʣʴʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ h1 

ʽ h2, ʧʨʠ ʷʢʦʤʫ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʧʽʜʩʫʤʦʚʫʚʘʥʥʷ ɺʉʐ ʜʣʷ ʧʝʨʰʦʾ ʽ ʜʨʫʛʦʾ 

ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʘʥʪʝʥ. ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʜʠʩʧʝʨʩʽʷ ʬʣʫʢʪʫʘʮʽʡ ʢʘʥʘʣʴʥʦʛʦ 

ʢʦʝʬʽʮʽʻʥʪʘ ʜʦʨʽʚʥʶʻ ʦʜʠʥʠʮʽ (< |h|
2 
> = 1). ʊʦʜʽ ʟ ʬʦʨʤʫʣʠ (1.44) ʦʪʨʠʤʘʻʤʦ, ʱʦ 

ʩʝʨʝʜʥʻ ɺʉʐ < Q
2
(1) > = < Q

2
(2) > = 

2
0Q . ʆʪʞʝ, ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʨʦʩʪʦʨʦʚʦ-

ʯʘʩʦʚʦʾ ʨʦʟʥʝʩʝʥʦʾ ʧʝʨʝʜʘʯʽ ɺʉʐ ʟʘʣʠʰʘʻʪʴʩʷ ʪʘʢʠʤ ʞʝ, ʷʢ ʽ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ 
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ʨʦʟʥʝʩʝʥʥʷ. ʇʨʦʪʝ, ʩʪʘʪʠʩʪʠʢʘ ɺʉʐ ʟʤʽʥʶʻʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ ʡʤʦʚʽʨʥʽʩʪʴ 

ʟʘʚʤʠʨʘʥʴ ʽʩʪʦʪʥʦ ʟʤʝʥʰʫʻʪʴʩʷ. 

ɸʜʘʧʪʠʚʥʘ ʈʇ ʧʨʠʧʫʩʢʘʻ, ʱʦ ʢʘʥʘʣ ʙʝʟʧʝʨʝʨʚʥʦ ʦʮʽʥʶʻʪʴʩʷ ʥʘ ʧʨʠʡʤʘʯʽ, 

ʽ ʢʘʥʘʣʴʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʦʚʽʜʦʤʣʷʻʪʴʩʷ ʥʘ ʧʝʨʝʜʘʚʘʣʴʥʠʡ ʢʽʥʝʮʴ ʣʽʥʽʾ, ʪʦʙʪʦ 

ʧʝʨʝʜʘʚʘʯ ʤʘʻ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʢʘʥʘʣʴʥʽ ʢʦʝʬʽʮʽʻʥʪʠ. ʎʷ ʽʥʬʦʨʤʘʮʽʷ 

ʧʝʨʝʜʘʻʪʴʩʷ ʧʦ ʟʚʦʨʦʪʥʦʤʫ (ʩʣʫʞʙʦʚʦʤʫ) ʢʘʥʘʣʫ. ɺʘʨʽʘʥʪʠ ʘʜʘʧʪʠʚʥʦʾ ʈʇ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ ʨʽʟʥʠʤ ʟʘʚʘʥʪʘʞʝʥʥʷʤ ʟʚʦʨʦʪʥʦʛʦ ʢʘʥʘʣʫ.  

ʂʦʞʝʥ ʽʤʧʫʣʴʩ ʨʦʟʜʽʣʷʻʪʴʩʷ ʥʘ ʜʚʽ ʘʥʪʝʥʠ. ʎʽ ʽʤʧʫʣʴʩʠ ʟʚʘʞʫʶʪʴʩʷ ʟ 

ʘʜʘʧʪʠʚʥʠʤʠ ʨʝʛʫʣʴʦʚʘʥʠʤʠ ʢʦʤʧʣʝʢʩʥʠʤʠ ʚʘʛʦʚʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ w1 ʽ w2 ʽ 

ʧʦʪʽʤ ʚʠʧʨʦʤʽʥʶʶʪʴʩʷ ʦʜʥʦʯʘʩʥʦ. ʆʪʞʝ, ʟʘ ʘʥʘʣʦʛʽʻʶ ʟ ʬʘʟʦʚʦʶ ʽ ʧʨʦʩʪʦʨʦʚʦ-

ʯʘʩʦʚʦʶ ʈʇ ʤʦʞʥʘ ʚʚʝʩʪʠ ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʢʘʥʘʣ ʟ ʢʦʝʬʽʮʽʻʥʪʦʤ ʧʝʨʝʜʘʯʽ ʫ 

ʚʠʛʣʷʜʽ: 

 

2211
~

hwhwhAd += .                                                 (1.45) 

 

ʇʦʪʫʞʥʽʩʪʴ ʩʠʛʥʘʣʫ ʥʘ ʚʭʦʜʽ ʧʨʠʡʤʘʣʴʥʦʾ ʘʥʪʝʥʠ P ~ |W
H
H|

2
, ʜʝ W = (w1, 

w2)
T
 ï ʥʦʨʤʦʚʘʥʠʡ ʚʝʢʪʦʨ-ʩʪʦʚʧʝʮʴ ʚʘʛʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ. 

ʆʧʪʠʤʘʣʴʥʠʡ ʚʘʛʦʚʠʡ ʚʝʢʪʦʨ Wopt ʟʥʘʡʜʝʤʦ ʟ ʫʤʦʚʠ ʤʘʢʩʠʤʫʤʫ 

ʧʦʪʫʞʥʦʩʪʽ P. ʉʢʘʣʷʨʥʠʡ ʜʦʙʫʪʦʢ ʚʝʢʪʦʨʽʚ W ʽ H ʙʫʜʝ ʤʘʢʩʠʤʘʣʴʥʠʤ, ʷʢʱʦ ʮʽ 

ʚʝʢʪʦʨʠ ʙʫʜʫʪʴ ʧʘʨʘʣʝʣʴʥʠʤʠ ʤʽʞ ʩʦʙʦʶ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʘʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ 

ʧʦʚʠʥʥʽ ʙʫʪʠ ʧʨʦʧʦʨʮʽʡʥʽ ʚʽʜʧʦʚʽʜʥʠʤ ʢʘʥʘʣʴʥʠʤ ʢʦʝʬʽʮʽʻʥʪʘʤ (w1 ~ h1* ; 

w2 ~ h2*). ʇʨʠ ʮʴʦʤʫ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ  ʫʟʛʦʜʞʝʥʠʡ (ʢʦʛʝʨʝʥʪʥʠʡ) ʧʨʠʡʦʤ ʩʠʛʥʘʣʫ. 

ʊʦʜʽ ʟ (1.45) ʩʣʽʜʫʻ, ʱʦ ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ ʻ ʜʽʡʩʥʠʤ ʯʠʩʣʦʤ ʽ 

ʜʦʨʽʚʥʶʻ: 

 

2
2

2
1

2

1~
hhAdh +=  .                                                (1.46) 

 

ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʜʣʷ ɺʉʐ ʩʧʨʘʚʝʜʣʠʚʘ ʬʦʨʤʫʣʘ (1.44). ʆʪʞʝ, ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʘʜʘʧʪʠʚʥʦʾ ʈʇ ʩʧʽʚʧʘʜʘʻ ʟ ʝʬʝʢʪʠʚʥʽʩʪʶ ʥʝʘʜʘʧʪʠʚʥʦʾ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʦʾ ʈʇ. 

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʥʘʩʪʫʧʥʽ ʚʠʩʥʦʚʢʠ: 
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1. ʆʜʥʠʤ ʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʥʘʧʨʷʤʢʽʚ ʧʽʜʚʠʱʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ 

ʽʥʬʦʨʤʘʮʽʾ ʚ ɹɿʇɼ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʧʨʦʩʪʦʨʦʚʦʾ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ, 

ʟʦʢʨʝʤʘ ʪʝʭʥʦʣʦʛʽʾ MIMO. 

2. ʇʨʠ ʧʝʨʝʜʘʯʽ ʽ ʦʙʨʦʙʮʽ ʩʠʛʥʘʣʽʚ ʚ ʩʠʩʪʝʤʘʭ ʄɯʄʆ ʚʠʥʠʢʘʻ ʨʷʜ ʟʘʜʘʯ, 

ʦʩʥʦʚʥʠʤʠ ʟ ʷʢʠʭ ʻ ʢʦʤʧʝʥʩʘʮʽʷ ʚʧʣʠʚʫ ʟʘʚʤʠʨʘʥʴ ʪʘ ʨʽʟʥʦʛʦ ʨʦʜʫ ʟʘʚʘʜ, ʷʢʽ 

ʜʽʶʪʴ ʚ ʨʘʜʽʦʢʘʥʘʣʘʭ, ʘ ʪʘʢʦʞ ʚʠʙʽʨ ʤʝʪʦʜʽʚ ʨʦʟʧʦʜʽʣʫ ʧʦʪʫʞʥʦʩʪʽ ʩʠʛʥʘʣʫ ʚ 

ʧʘʨʘʣʝʣʴʥʠʭ ʢʘʥʘʣʘʭ. 

3. ʅʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʶ ʚ ʩʠʩʪʝʤʽ MIMO ʻ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʘ ʨʦʟʥʝʩʝʥʘ 

ʧʝʨʝʜʘʯʘ. ɺʦʥʘ ʟʘʙʝʟʧʝʯʫʻ ʥʘʡʤʝʥʰʫ ʩʝʨʝʜʥʶ ʧʦʪʫʞʥʽʩʪʴ ʧʨʠ ʟʘʜʘʥʽʡ ʧʦʤʠʣʮʽ 

ʧʝʨʝʜʘʯʽ, ʧʨʠʧʫʩʢʘʻ ʜʦʩʪʘʪʥʴʦ ʧʨʦʩʪʫ ʣʽʥʽʡʥʫ ʦʙʨʦʙʢʫ ʩʠʛʥʘʣʽʚ ʥʘ 

ʧʨʠʡʤʘʣʴʥʦʤʫ ʙʦʮʽ ʣʽʥʽʾ ʽ ʥʝ ʚʠʤʘʛʘʻ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʧʨʦ ʩʪʘʥ ʢʘʥʘʣʫ ʥʘ 

ʧʝʨʝʜʘʚʘʣʴʥʠʡ ʙʽʢ ʣʽʥʽʾ ʟʚôʷʟʢʫ. 

ʊʘʢʦʞ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʚ ɹɿʇɼ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ 

ʢʦʨʠʛʫʚʘʣʴʥʽ ʢʦʜʠ: ʢʦʜʠ ʍʝʤʤʽʥʛʘ, ʢʦʜʠ ɹʏʍ, ʢʦʜʠ ʈʽʜʘ-ʉʦʣʦʤʦʥʘ, ʢʘʩʢʘʜʥʽ 

ʢʦʜʠ, ʟʛʦʨʪʦʯʥʽ ʢʦʜʠ, ʪʫʨʙʦʢʦʜʠ ʪʘ ʽʥʰʽ.  

ʅʘ ʜʘʥʠʡ ʯʘʩ ʚ ʦʙʣʘʩʪʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʚ ɹɿʇɼ 

ʚʝʣʠʢʠʡ ʽʥʪʝʨʝʩ ʧʨʦʷʚʣʷʻʪʴʩʷ ʜʦ ʤʝʪʦʜʽʚ, ʜʝ ʤʦʜʫʣʷʮʽʷ ʧʦʻʜʥʫʻʪʴʩʷ ʟ 

ʢʦʜʫʚʘʥʥʷʤ [88-91]. ʊʘʢʽ ʤʝʪʦʜʠ ʦʜʝʨʞʘʣʠ ʥʘʟʚʫ ʨʝʰʽʪʯʘʩʪʘ ʢʦʜʦʚʘ ʤʦʜʫʣʷʮʽʷ 

ʘʙʦ ʩʠʛʥʘʣʴʥʦ-ʢʦʜʦʚʽ ʢʦʥʩʪʨʫʢʮʽʾ (ʉʂʂ). ʎʽ ʤʝʪʦʜʠ ʜʦʟʚʦʣʷʶʪʴ ʧʽʜʚʠʱʠʪʠ 

ʯʘʩʪʦʪʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ, ʥʝ ʨʦʟʰʠʨʶʶʯʠ ʧʨʠ ʮʴʦʤʫ ʩʤʫʛʫ ʯʘʩʪʦʪ ʩʠʛʥʘʣʫ. ʅʘ 

ʧʨʘʢʪʠʮʽ ʥʘʡʙʽʣʴʰʝ ʧʦʰʠʨʝʥʥʷ ʦʜʝʨʞʘʣʠ ʉʂʂ, ʱʦ ʚʢʣʶʯʘʶʪʴ ʫ ʩʝʙʝ 

ʙʘʛʘʪʦʧʦʟʠʮʽʡʥʽ ʜʚʦʚʠʤʽʨʥʽ ʩʠʛʥʘʣʠ, ʪʘʢʽ ʷʢ ʌʄ-ʄ, ʂɸʄ-ʄ ʪʦʱʦ, ʘ ʪʘʢʦʞ 

ʢʦʨʠʛʫʚʘʣʴʥʽ ʟʛʦʨʪʦʯʥʽ ʢʦʜʠ. 

ɿ ʥʝʜʘʚʥʴʦʛʦ ʯʘʩʫ ʷʢ ʢʦʨʠʛʫʚʘʣʴʥʽ ʢʦʜʠ ʚ ʉʂʂ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʫʨʙʦ 

ʢʦʜʠ [92-94]. ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʫʨʙʦ ʢʦʜʽʚ ʫ ʉʂʂ ʜʦʟʚʦʣʠʣʦ ʧʽʜʚʠʱʠʪʠ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʚ ɹɿʇɼ ʜʣʷ ʢʘʥʘʣʽʚ ʽʟ 

ʬʣʫʢʪʫʘʮʽʡʥʠʤ ʰʫʤʦʤ ʽ ʟʘʚʤʠʨʘʥʥʷʤʠ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟʽ ʩʭʝʤʘʤʠ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʟʛʦʨʪʦʯʥʽ ʢʦʜʠ. ʊʦʤʫ ʮʽ ʉʂʂ ʥʘ ʦʩʥʦʚʽ ʪʫʨʙʦ ʢʦʜʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʙʘʛʘʪʴʦʭ ʩʫʯʘʩʥʠʭ ɹɿʇɼ [2-5]. 
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ɺʽʜʦʤʦ ʜʝʢʽʣʴʢʘ ʤʝʪʦʜʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʚ ɹɿʇɼ ʟ 

ʪʫʨʙʦ ʢʦʜʘʤʠ. 

ʋ ʨʦʙʦʪʽ [95] ʧʨʝʜʩʪʘʚʣʝʥʦ ʤʝʪʦʜ ʢʦʜʦʚʦʾ ʘʜʘʧʪʘʮʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʫʟʘʛʘʣʴʥʝʥʠʭ ʢʘʩʢʘʜʥʠʭ ʢʦʜʽʚ (ʋʂʂ) ʥʘ ʙʘʟʽ ɹʏʍ-ʢʦʜʽʚ ʪʘ ʢʦʜʽʚ ʈʽʜʘ-ʉʦʣʦʤʦʥʘ 

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʚ ɹɿʇɼ, ʷʢʠʡ ʧʦʣʷʛʘʻ ʚ 

ʢʦʤʧʣʝʢʩʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʘʜʘʧʪʠʚʥʦʾ ʟʤʽʥʠ ʩʪʨʫʢʪʫʨʠ ʢʦʜʝʢʘ ʋʂʂ ʟʘʣʝʞʥʦ 

ʚʽʜ ʟʤʽʥʠ ʟʘʚʘʜʦʚʦʾ ʦʙʩʪʘʥʦʚʢʠ. ɽʬʝʢʪ ʚʽʜ ʚʧʨʦʚʘʜʞʝʥʥʷ ʮʴʦʛʦ ʤʝʪʦʜʫ ʧʦʣʷʛʘʻ ʚ 

ʟʙʽʣʴʰʝʥʥʽ ʧʨʦʧʫʩʢʥʦʾ ʩʧʨʦʤʦʞʥʦʩʪʽ ɹɿʇɼ ʽʟ ʉɿʏ ʫ ʩʝʨʝʜʥʴʦʤʫ ʥʘ 15 % ʧʨʠ 

ʢʦʝʬʽʮʽʻʥʪʽ ʟʘʚʘʜʦʟʘʭʠʱʝʥʦʩʪʽ Kɿɿ = 0,997 ʽ ʩʢʦʨʦʯʝʥʥʽ ʯʘʩʫ ʘʜʘʧʪʘʮʽʾ ʚ ʫʤʦʚʘʭ 

ʚʧʣʠʚʫ ʥʘʚʤʠʩʥʠʭ ʟʘʚʘʜ ʥʘ 12...24 %. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʟʘʜʘʥʦʛʦ Kɿɿ ʦʧʪʠʤʽʟʘʮʽʷ 

ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʢʦʨʠʛʫʚʘʣʴʥʦʛʦ ʢʦʜʫ ʟʘʙʝʟʧʝʯʫʻ ʝʥʝʨʛʝʪʠʯʥʠʡ ʚʠʛʨʘʰ ʚʽʜ 

ʢʦʜʫʚʘʥʥʷ ʚʽʜ 2,825 ʜʦ 6,4 ʜɹ. 

ɺ ʨʦʙʦʪʽ [96] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʩʪʨʫʢʪʫʨʥʦʾ ʘʜʘʧʪʘʮʽʾ ɹɿʇɼ ʥʘ ʦʩʥʦʚʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʛʥʘʣʴʥʦ-ʢʦʜʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ɽʬʝʢʪ ʚʽʜ ʚʧʨʦʚʘʜʞʝʥʥʷ ʮʴʦʛʦ 

ʤʝʪʦʜʫ ʧʦʣʷʛʘʻ ʚ ʧʽʜʚʠʱʝʥʥʽ ʥʘ 16-27 % ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ɹɿʇɼ ʧʨʠ 

ʟʘʙʝʟʧʝʯʝʥʥʽ ʟʘʜʘʥʦʛʦ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʚʘʜʦʟʘʭʠʱʝʥʦʩʪʽ. ʆʪʨʠʤʘʥʽ ʚ [96] 

ʉʂʂ ʽʟ ʙʘʛʘʪʦʧʦʟʠʮʽʡʥʦʶ ʯʘʩʪʦʪʥʦʶ ʤʘʥʽʧʫʣʷʮʽʻʶ ʪʘ ʙʣʦʢʦʚʠʤʠ ʮʠʢʣʽʯʥʠʤʠ 

ʢʦʜʘʤʠ ʜʦʟʚʦʣʷʶʪʴ ʟʙʽʣʴʰʠʪʠ ʝʥʝʨʛʝʪʠʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ɹɿʇɼ ʥʘ 2...5 ʜɹ ʟʘ 

ʨʘʭʫʥʦʢ ʟʥʠʞʝʥʥʷ ʯʘʩʪʦʪʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʠ ʚʧʣʠʚʽ ʨʽʟʥʠʭ ʚʠʜʽʚ ʥʘʚʤʠʩʥʠʭ 

ʟʘʚʘʜ.  

ʂʦʨʠʛʫʚʘʣʴʥʽ ʢʦʜʠ ʟʽ ʟʤʽʥʥʦʶ ʥʘʜʤʽʨʥʽʩʪʶ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʙʘʛʘʪʴʦʭ 

ɹɿʇɼ ʟʽ ʟʚʦʨʦʪʥʽʤ ʟʚôʷʟʢʦʤ [97-99]. ʉʧʦʯʘʪʢʫ ʜʘʥʽ ʢʦʜʠ ʥʘʟʠʚʘʣʠʩʴ, ʷʢ ʩʫʤʽʩʥʽ 

ʟʘ ʰʚʠʜʢʽʩʪʶ ʟʛʦʨʪʫʚʘʣʴʥʽ ʢʦʜʠ ʟ ʧʦʚʪʦʨʝʥʥʷʤ (Rate-Compatible Repetition 

Convolutional - RCRC) [100] ʪʘ ʩʫʤʽʩʥʽ ʟʘ ʰʚʠʜʢʽʩʪʶ ʟʛʦʨʪʫʚʘʣʴʥʽ ʢʦʜʠ ʟ 

ʚʠʢʦʣʶʚʘʥʥʷʤ (Rate-Compatible Punctured Convolutional - RCPC) [53, 101-102]. 

ʗʢ ʘʣʴʪʝʨʥʘʪʠʚʘ ʢʦʜʘʤ RCRC ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʢʦʜʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚ 

ʩʪʨʫʢʪʫʨ ̔ʢʦʜʦʚʦʛʦ ʩʣʦʚʘ ʟʘʟʜʘʣʝʛʽʜʴ ʚʽʜʦʤʽ ʚʩʪʘʚʣʝʥ ̔ʙ̔ʪʠ [103]. 

ʐʚʠʜʢʽʩʪʴ ʢʦʜʫʚʘʥʥʷ, ʷʢʘ ʚʧʣʠʚʘʻ ʥʘ ʢʦʨʝʛʫʶʯʠ ʚʣʘʩʪʠʚʦʩʪʽ ʢʦʜʽʚ ʟ 

ʧʝʨʝʤʽʥʥʦʶ ʥʘʜʤʽʨʥʽʩʪʶ, ʘʜʘʧʪʫʻʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʪʘʥʫ ʢʘʥʘʣʫ ʧʝʨʝʜʘʯʽ 

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʜʘʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ.  
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ɼʣʷ ʮʴʦʛʦ ʚ ʩʪʘʥʜʘʨʪ ̔IEEE 802.16e (WIMAX) [97] ʪʘ ʩʪʘʥʜʘʨʪ ̔IEEE 802.11n 

(WLAN) [ 98] ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʘʥʩʘʤʙʣ ̔ LDPC (Low-Density Parity-Check 

Codes) ʢʦʜʦʚ [104-107], ʚ ʩʠʩʪʝʤ ̔ UMTS (Universal Mobile Telecomunication 

System) LTE [79-82] ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʫʨʙʦ ʢʦʜ, ʷʢʠʡ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʨʦʙʦʪʘʭ 

[53, 93, 94]. 

ɼʦʩʣʽʜʞʝʥʥʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʜʘʧʪʠʚʥʠʭ ʪʫʨʙʦ ʢʦʜʽʚ ʪʘ LDPC-ʢʦʜʽʚ ʚ 

ʧʝʨʩʧʝʢʪʠʚʥʠʭ ɹɿʇɼ ʧʦʢʦʣʽʥʥʷ ʤʦʙʽʣʴʥʦʛʦ ʟʚʷʟʢʫ 5G ʧʨʠʩʚʷʯʝʥʽ ʨʦʙʦʪʠ [108-

122]. ɺ ʮʠʭ ʨʦʙʦʪʘʭ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʚʦʭʢʦʤʧʦʥʝʥʪʥʠʡ ʪʫʨʙʦ ʢʦʜ ʟ 

ʘʜʘʧʪʘʮʽʻʶ ʣʠʰʝ ʧʦ ʰʚʠʜʢʦʩʪʽ ʢʦʜʫʚʘʥʥʷ. ʂʨʽʤ ʪʦʛʦ, ʜʣʷ LDPC-ʢʦʜʽʚ, 

ʘʜʘʧʪʘʮʽʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʪʘʥʫ ʢʘʥʘʣʫ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʪʝʞ ʪʽʣʴʢʠ 

ʟʘ ʰʚʠʜʢʽʩʪʶ ʢʦʜʫʚʘʥʥʷ. 

ʅʝʜʦʣʽʢʦʤ ʮʠʭ ʤʝʪʦʜʽʚ ʻ ʪʝ, ʱʦ ʚʦʥʠ ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʘʛʘʪʦʨʽʚʥʝʚʦʾ ʘʜʘʧʪʘʮʽʾ ʟʘ ʩʪʨʫʢʪʫʨʦʶ ʪʘ ʧʘʨʘʤʝʪʨʘʤʠ ʪʫʨʙʦ 

ʢʦʜʽʚ. 

ʇʨʠ ʘʜʘʧʪʘʮʽʾ ʩʪʨʫʢʪʫʨʠ ʩʣʽʜ ʧʝʨʝʜʙʘʯʠʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʜʘʧʪʘʮʽʾ ʙʘʛʘʪʦ 

ʢʦʤʧʦʥʝʥʪʥʠʭ ʪʫʨʙʦ ʢʦʜʽʚ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ ʢʣʘʩʽʚ ʢʦʨʝʛʫʚʘʣʴʥʠʭ ʢʦʜʽʚ. 

ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʪʦʩʦʚʥʦ ʮʴʦʛʦ ʧʽʜʭʦʜʫ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ [123-129] 

ʇʨʠ ʧʘʨʘʤʝʪʨʠʯʥʽʡ ʘʜʘʧʪʘʮʽʾ ʪʫʨʙʦ ʢʦʜʽʚ: ʟʤʽʥʫ ʧʦʣʽʥʦʤʽʚ ʢʦʤʧʦʥʝʥʪʥʠʭ 

ʢʦʜʽʚ, ʧʝʨʝʤʝʞʫʚʘʯʽʚ ʢʦʜʝʨʘ ʪʘ ʜʝʢʦʜʝʨʘ, ʘʜʘʧʪʘʮʽʶ ʽʪʝʨʘʮʽʡ ʜʝʢʦʜʫʚʘʥʥʷ, 

ʘʜʘʧʪʘʮʽʶ ʨʦʟʤʽʨʫ ʚʭʽʜʥʦʛʦ ʙʣʦʢʫ ʜʘʥʠʭ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʥʘʧʨʷʤʘʤʠ ʧʽʜʚʠʱʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ 

ʽʥʬʦʨʤʘʮʽʾ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʜʘʧʪʠʚʥʠʭ ʩʠʩʪʝʤ, ʢʦʜʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʥʘ ʦʩʥʦʚʽ 

ʪʫʨʙʦ ʢʦʜʽʚ, ʢʦʜʽʚ ɹʏʍ, ʢʦʜʽʚ ʍʝʤʽʥʛʘ, ʪʝʭʥʦʣʦʛʽʡ ʨʦʟʰʠʨʝʥʥʷ ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʫ 

ʪʘ ʪʝʭʥʦʣʦʛʽʾ MIMO.  

 

1.4. ʌʦʨʤʫʣʶʚʘʥʥʷ ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʦʾ ʟʘʜʘʯʽ ʡ ʯʘʩʪʢʦʚʠʭ ʟʘʚʜʘʥʴ 

ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

 

ʅʘ ʜʘʥʠʡ ʯʘʩ ʤʝʪʦʜʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʚ ɹɿʇɼ 

ʜʦʩʠʪʴ ʛʣʠʙʦʢʦ ʡ ʰʠʨʦʢʦ ʜʦʩʣʽʜʞʝʥʽ ʚ ʥʘʫʢʦʚʠʭ ʧʨʘʮʷʭ ʚʽʪʯʠʟʥʷʥʠʭ ʪʘ 
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ʽʥʦʟʝʤʥʠʭ ʘʚʪʦʨʽʚ, ʩʝʨʝʜ ʷʢʠʭ ʥʘʡʙʽʣʴʰ ʚʽʜʦʤʽ ʥʘʩʪʫʧʥʽ ʚʯʝʥʽ: ɸ. ɻ. ɿʶʢʦ, 

ɼ. ɼ. ʂʣʦʚʩʴʢʠʡ, ʄ. ʃ. ʊʝʧʣʦʚ, ʃ. ʄ. ʌʽʥʢ, ʃ. ɭ. ɺʘʨʘʢʽʥ, ɺ. ʃ. ɹʘʥʢʝʪ, ɺ. ɺ. 

ʂʚʘʰʝʥʥʠʢʦʚ, ɺ. ɯ. ɹʦʨʠʩʦʚ, ʉ.ɺ. ɿʘʡʮʝʚ, ɺ.ɺ. ʂʘʟʠʤʠʨ, ʂ. ʐʝʥʥʦʥ, ɼ. ʌʦʨʥʽ, 

ʌ. ɼʞ. ʄʘʢ-ɺʽʣʴʷʤʩ, ʂ. ɹʝʨʨʦʫ, ʃ. ʍʝʥʟʦ, ɸ. ɻʦʣʜʩʤʠʪ, ʄ. ɺʘʣʝʥʪʽ ʪʘ ʽʥ. 

ʆʜʥʘʢ ʥʝʜʦʩʪʘʪʥʴʦ ʜʦʩʣʽʜʞʝʥʽ ʪʘ ʚʠʤʘʛʘʶʪʴ ʜʦʜʘʪʢʦʚʦʛʦ ʚʠʚʯʝʥʥʷ 

ʥʘʩʪʫʧʥʽ ʟʘʜʘʯʽ: 

- ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʚ ɹɿʇɼ; 

- ʨʦʟʚʠʪʦʢ, ʝʬʝʢʪʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʩʪʦʩʦʚʥʦ 

ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ, ʧʨʦʝʢʪʫʚʘʥʥʷ, ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʦʙôʻʢʪʽʚ ʥʦʚʦʾ ʪʝʭʥʽʢʠ ʪʘ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ; 

- ʤʦʜʠʬʽʢʘʮʽʷ ʪʘ ʩʧʝʮʽʘʣʽʟʘʮʽʷ ʽʩʥʫʶʯʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʟ 

ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʾʭ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʩʪʚʦʨʝʥʥʷ ʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʦʚʠʭ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʽ ʘʣʛʦʨʠʪʤʽʚ, ʱʦ ʚʨʘʭʦʚʫʶʪʴ ʦʩʦʙʣʠʚʦʩʪʽ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ɹɿʇɼ; 

- ʨʦʟʨʦʙʢʘ ʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʘʜʘʧʪʠʚʥʦʛʦ ʟʘʚʘʜʦʩʪʽʡʢʦʛʦ ʢʦʜʫʚʘʥʥʷ 

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʜʘʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʚ ʢʘʥʘʣʘʭ ʟ 

ʧʽʜʚʠʱʝʥʠʤ ʨʽʚʥʝʤ ʰʫʤʫ ʪʘ ʟʘʚʘʜʘʤʠ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʥʝʯʽʪʢʠʭ ʧʨʘʚʠʣ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ; 

- ʚ ʩʠʩʪʝʤʘʭ ʟ ʧʘʨʘʤʝʪʨʠʯʥʦʶ ʘʜʘʧʪʘʮʽʶ ʫ ʚʠʧʘʜʢʫ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʽʚ 

ʰʫʤʽʚ ʪʘ ʟʘʚʘʜ ʜʦ ʧʝʚʥʦʛʦ ʨʽʚʥʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʜʘʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʩʪʘʻ ʥʝʤʦʞʣʠʚʠʤ, ʪʦʤʫ ʧʦʩʪʘʻ ʧʠʪʘʥʥʷ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʙʘʛʘʪʦʨʽʚʥʝʚʦʾ ʘʜʘʧʪʘʮʽʾ, ʧʨʠʯʦʤʫ ʥʝ ʪʽʣʴʢʠ ʧʘʨʘʤʝʪʨʽʚ, ʘ ʡ ʩʪʨʫʢʪʫʨʠ ʢʦʜʽʚ. 

ʊʦʤʫ ʫ ʜʠʩʝʨʪʘʮʽʾ ʨʦʟʚ'ʷʟʫʻʪʴʩʷ ʘʢʪʫʘʣʴʥʘ ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʘ ʟʘʜʘʯʘ, ʱʦ 

ʤʘʻ ʚʘʞʣʠʚʫ ʥʘʫʢʦʚʫ, ʧʨʘʢʪʠʯʥʫ ʡ ʪʝʭʥʽʯʥʫ ʩʧʨʷʤʦʚʘʥʽʩʪʴ ʧʨʠ ʩʪʚʦʨʝʥʥʽ 

ʧʝʨʩʧʝʢʪʠʚʥʠʭ ɹɿʇɼ ï ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʚ ɹɿʇɼ ʟʘ 

ʨʘʭʫʥʦʢ ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʽʚ ʥʘ ʦʩʥʦʚʽ ʘʜʘʧʪʠʚʥʦʛʦ ʢʦʜʫʚʘʥʥʷ. 

ʇʨʠ ʮʴʦʤʫ ʦʙ'ʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ  ̒ ʧʨʦʮʝʩʠ 

ʬʦʨʤʫʚʘʥʥʷ ʽ ʧʝʨʝʨʦʙʢʠ ʢʦʜʦʚʘʥʠʭ ʜʘʥʠʭ ʫ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʟʘʩʦʙʘʭ ʧʝʨʝʜʘʯʽ 
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ʜʘʥʠʭ, ʘ ʧʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ï ʤʝʪʦʜʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ 

ʽʥʬʦʨʤʘʮʽʾ ʚ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʟʘʩʦʙʘʭ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʝʪʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʻ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ɹɿʇɼ ʚ ʫʤʦʚʘʭ ʚʧʣʠʚʫ ʟʘʚʘʜ ʯʝʨʝʟ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʟʘ 

ʨʘʭʫʥʦʢ ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʽʚ ʥʘ ʦʩʥʦʚʽ ʘʜʘʧʪʠʚʥʦʛʦ ʢʦʜʫʚʘʥʥʷ ʪʘ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ʈʦʟʚ'ʷʟʘʥʥʷ ʩʬʦʨʤʫʣʴʦʚʘʥʦʛʦ ʥʘʫʢʦʚʦʛʦ-ʧʨʠʢʣʘʜʥʦʛʦ ʟʘʚʜʘʥʥʷ ʜʦʮʽʣʴʥʦ 

ʨʝʘʣʽʟʫʚʘʪʠ ʧʦʝʪʘʧʥʦ. 

ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʥʝʦʙʭʽʜʥʦ ʬʦʨʤʘʣʽʟʫʚʘʪʠ ʧʨʦʮʝʩ ʘʜʘʧʪʠʚʥʦʾ ʟʤʽʥʠ 

ʩʪʨʫʢʪʫʨʠ ʢʦʜʽʚ ʚ ɹɿʇɼ. 

ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ ʥʘ ʦʩʥʦʚʽ ʘʜʘʧʪʘʮʽʾ ʢʦʜʦʚʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʤʝʪʦʜ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʚ ɹɿʇɼ. 

ʅʘ ʪʨʝʪʴʦʤʫ ʝʪʘʧʽ ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ ʪʘ ʨʝʘʣʽʟʫʚʘʪʠ ʫ ʧʨʦʛʨʘʤʥʦʤʫ 

ʚʠʜʽ ʦʙʯʠʩʣʶʚʘʣʴʥʠʡ ʤʝʪʦʜ ʥʝʯʽʪʢʦʛʦ ʜʝʢʦʜʫʚʘʥʥʷ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʪʫʨʙʦ 

ʢʦʜʽʚ ʚ ɹɿʇɼ. 

ʅʘ ʯʝʪʚʝʨʪʦʤʫ ʝʪʘʧʽ ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜ ʧʽʜʛʦʪʦʚʢʠ ʧʝʨʚʠʥʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʘʜʘʧʪʠʚʥʠʭ ɹɿʇɼ. 

ʅʘ ʧ'ʷʪʦʤʫ ʝʪʘʧʽ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ ʟ ʚʽʜʦʤʠʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʽʚ ʽʤʽʪʘʮʽʡʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ. 

 

ɺʠʩʥʦʚʢʠ ʟʘ ʨʦʟʜʽʣʦʤ 1 

 

1. ɸʥʘʣʽʟ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʡ ʧʝʨʩʧʝʢʪʠʚ ʨʦʟʚʠʪʢʫ ɹɿʇɼ, ʦʩʥʦʚʥʠʭ 

ʬʘʢʪʦʨʽʚ, ʱʦ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʚ ʥʠʭ, 

ʪʘ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʚ ɹɿʇɼ ʧʦʢʘʟʘʚ, ʱʦ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʥʘʧʨʷʤʘʤʠ ʧʽʜʚʠʱʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʻ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʜʘʧʪʠʚʥʠʭ ʩʠʩʪʝʤ, ʢʦʜʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʥʘ ʦʩʥʦʚʽ ʪʫʨʙʦ ʢʦʜʽʚ, 

ʢʦʜʽʚ ɹʏʍ, ʢʦʜʽʚ ʈʽʜʘ-ʉʦʣʦʤʦʥʘ, ʪʝʭʥʦʣʦʛʽʡ ʨʦʟʰʠʨʝʥʥʷ ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʫ ʪʘ 

ʪʝʭʥʦʣʦʛʽʾ MIMO. 
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2. ʄʝʪʘ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ ʧʽʜʚʠʱʝʥʥʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ɹɿʇɼ ʚ 

ʫʤʦʚʘʭ ʚʧʣʠʚʫ ʟʘʚʘʜ ʯʝʨʝʟ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʟʘ ʨʘʭʫʥʦʢ 

ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʽʚ ʥʘ ʦʩʥʦʚʽ ʘʜʘʧʪʠʚʥʦʛʦ ʢʦʜʫʚʘʥʥʷ ʪʘ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

3. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ 

ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʫ ʟʘʜʘʯʫ, ʷʢʘ ʧʦʣʷʛʘʻ ʫ ʟʘʙʝʟʧʝʯʝʥʥ ̔ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʚ 

ɹɿʇɼ ʟʘ ʨʘʭʫʥʦʢ ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʽʚ ʥʘ ʦʩʥʦʚʽ ʘʜʘʧʪʠʚʥʦʛʦ ʢʦʜʫʚʘʥʥʷ. 

4. ʅʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʫ ʟʘʜʘʯʫ ʜʦʮʽʣʴʥʦ ʨʦʟʜʽʣʠʪʠ ʥʘ ʜʝʷʢʽ ʯʘʩʪʢʦʚʽ 

ʚʟʘʻʤʦʧʦʚôʷʟʘʥʽ ʟʘʚʜʘʥʥʷ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʟʤʽʩʪ ʥʘʩʪʫʧʥʠʭ ʨʦʟʜʽʣʽʚ. 

ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʜʽʣʫ ʦʧʫʙʣʽʢʦʚʘʥʽ ʫ ʨʦʙʦʪʘʭ [56, 65]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



58 

ʈʆɿɼɯʃ 2. ʄɽʊʆɼ ɿɸɹɽɿʇɽʏɽʅʅʗ ɼʆʉʊʆɺɯʈʅʆʉʊɯ ɯʅʌʆʈʄɸʎɯɰ ɺ 

ɹɽɿʇʈʆɺʆɼʆɺʀʍ ɿɸʉʆɹɸʍ ʇɽʈɽɼɸʏɯ ɼɸʅʀʍ ʅɸ ʆʉʅʆɺɯ ɸɼɸʇʊɸʎɯɰ 

ʂʆɼʆɺʀʍ ʂʆʅʉʊʈʋʂʎɯʁ 

 

 2.1. ʌʦʨʤʘʣʽʟʘʮʽʷ ʧʨʦʮʝʩʫ ʘʜʘʧʪʠʚʥʦʾ ʟʤʽʥʠ ʩʪʨʫʢʪʫʨʠ ʢʦʜʽʚ ʚ 

ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʟʘʩʦʙʘʭ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ  

 

ʋ ʦʩʥʦʚʽ ʬʦʨʤʘʣʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʘʜʘʧʪʠʚʥʦʾ ʟʤʽʥʠ ʩʪʨʫʢʪʫʨʠ ʢʦʜʽʚ ʪʘ 

ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʫ ʣʝʞʠʪʴ ʥʝʬʦʨʤʘʣʴʥʠʡ ʦʧʠʩ ɹɿʇɼ [59]. 

 ʅʝʬʦʨʤʘʣʴʥʠʤ ʦʧʠʩʦʤ ɹɿʇɼ ʥʘʟʠʚʘʻʪʴʩʷ ʚʩʷ ʥʘʷʚʥʘ ʧʨʦ ʥʠʭ ʩʫʢʫʧʥʽʩʪʴ 

ʚʽʜʦʤʦʩʪʝʡ, ʜʦʩʪʘʪʥʷ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʝʨʝʜʙʘʯʫʚʘʥʦʛʦ ʘʙʦ ʬʘʢʪʠʯʥʦʛʦ 

ʘʣʛʦʨʠʪʤʫ ʾʭ ʨʦʙʦʪʠ. ʅʝʬʦʨʤʘʣʴʥʠʡ ʦʧʠʩ ɹɿʇɼ ʧʦʚʠʥʝʥ ʤʽʩʪʠʪʠ ʽʥʬʦʨʤʘʮʽʶ, 

ʜʦʩʪʘʪʥʶ ʜʣʷ ʧʦʙʫʜʦʚʠ ʾʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʩʭʝʤ. ʆʩʪʘʥʥ ̔ ʻ ʦʩʥʦʚʦʶ ʜʣʷ 

ʨʦʟʨʦʙʢʠ ʬʦʨʤʘʣʴʥʦʛʦ ʦʧʠʩʫ ʪʘ ʤʦʜʝʣ,̔ ʷʢ ̔ʜʘʣʽ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ 

ʨʦʟʨʦʙʢʠ ʚʽʜʧʦʚʽʜʥʦʛʦ ʤʝʪʦʜʫ.  

 ʆʧʠʩ ɹɿʇɼ, ʩʢʣʘʜʝʥʠʡ ʧʦ ʫʟʘʛʘʣʴʥʝʥʽʡ ʬʫʥʢʮʽʦʥʘʣʴʥʽʡ ʩʭʝʤʽ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʝʚʥʦʛʦ ʙʘʟʠʩʫ ʦʧʝʨʘʪʦʨʽʚ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʧʦ ʚʭʽʜʥʠʭ ʚʧʣʠʚʘʭ 

ʟʥʘʡʪʠ ʨʝʘʢʮʽʶ ɹɿʇɼ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʜʽ, ʥʘʟʚʝʤʦ ʫʟʘʛʘʣʴʥʝʥʦʶ ʤʦʜʝʣʣʶ ʘʙʦ 

ʬʦʨʤʘʣʴʥʠʤ ʦʧʠʩʦʤ. 

 ʑʦʙ ʩʢʣʘʩʪʠ ʬʦʨʤʘʣʴʥʠʡ ʦʧʠʩ, ʥʝʦʙʭʽʜʥʦ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʩʭʝʤʫ ɹɿʇɼ, ʫʚʝʩʪʠ ʙʝʟʣʽʯ ʾʾ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ, ʽ 

ʙʘʟʠʩ ʦʧʝʨʘʪʦʨʽʚ, ʷʢʽ ʚʩʪʘʥʦʚʣʶʶʪʴ ʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʮʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʊʦʤʫ 

ʧʝʨʰʠʤ ʢʨʦʢʦʤ ʧʨʠ ʧʦʙʫʜʦʚʽ ʬʦʨʤʘʣʴʥʦʛʦ ʦʧʠʩʫ ɹɿʇɼ ʻ ʚʠʟʥʘʯʝʥʥʷ ʤʥʦʞʠʥʠ 

ʾʭ ʧʘʨʘʤʝʪʨʽʚ: 

{}iq=Q , ni ,1=  (2.1) 

ʽ ʙʘʟʠʩʫ ʦʧʝʨʘʪʦʨʽʚ: 

{}iA=A , mi ,1= . (2.2) 

 ʇʽʜ ʧʘʨʘʤʝʪʨʘʤʠ ɹɿʇɼ ʜʘʣʽ ʨʦʟʫʤʽʶʪʴʩʷ ʧʦʩʪʽʡʥʽ ʘʙʦ ʟʤʽʥʥʽ ʚ ʯʘʩʽ 

ʚʝʣʠʯʠʥʠ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʩʪʘʥ ɹɿʇɼ ʚ ʜʘʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ, ʟʘʜʘʶʪʴ ʾʭ 

ʚʣʘʩʪʠʚʦʩʪʽ ʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʇʨʠ ʮʴʦʤʫ ʩʪʨʫʢʪʫʨʘ ɹɿʇɼ ʚʠʟʥʘʯʘʻʪʴʩʷ 
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ʬʫʥʢʮʽʦʥʘʣʴʥʦʶ ʩʭʝʤʦʶ, ʝʣʝʤʝʥʪʠ ʷʢʦʾ ʧʦʚʠʥʥʽ ʙʫʪʠ ʦʧʠʩʘʥʽ ʚʽʜʧʦʚʽʜʥʠʤʠ 

ʦʧʝʨʘʪʦʨʘʤʠ A, ʟ ʤʥʦʞʠʥʠ A (2.2). 

 ɺʩʽ ʧʘʨʘʤʝʪʨʠ (2.1) ɹɿʇɼ ʤʦʞʥʘ ʨʦʟʙʠʪʠ ʥʘ ʯʦʪʠʨʠ ʧʽʜʤʥʦʞʠʥʠ: 

{ }gba= ,,,VQ ,   

ʜʝ {}ivV =  ( ki ,1=  ) ï ʬʘʟʦʚʽ ʟʤʽʥʥʽ (ʢʦʦʨʜʠʥʘʪʠ) ʩʠʩʪʝʤʠ; { }ia=a  ( li ,1=  ) ï 

ʟʦʚʥʽʰʥʽ ʧʘʨʘʤʝʪʨʠ; {}ib=b  ( mi ,1=  ) ï ʚʥʫʪʨʽʰʥʽ ʧʘʨʘʤʝʪʨʠ; {}ig=g  ( ni ,1=  ) ï 

ʚʠʭʽʜʥʽ ʧʘʨʘʤʝʪʨʠ. 

 ʌʘʟʦʚʠʤʠ ʟʤʽʥʥʠʤʠ ɹɿʇɼ ʥʘʟʠʚʘʶʪʴʩʷ ʬʫʥʢʮʽʾ ʯʘʩʫ iv , ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ 

ʩʪʘʥ ɹɿʇɼ ʚ ʙʫʜʴ-ʷʢʠʡ ʟʘʜʘʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ t. ɼʦ ʩʢʣʘʜʫ ʤʥʦʞʠʥʠ ʬʘʟʦʚʠʭ 

ʟʤʽʥʥʠʭ V ʚʭʦʜʷʪʴ: 

 {}ix=X  ( qi ,1=  ) ï ʟʦʚʥʽʰʥʽ ʘʙʦ ʚʭʽʜʥʽ ʬʘʟʦʚʽ ʟʤʽʥʥʽ, ʫʪʚʦʨʶʶʯʽ ʚʝʢʪʦʨ 

ʚʭʽʜʥʠʭ ʚʧʣʠʚʽʚ; 

 {}iy=Y  ( pi ,1=  ) ï ʚʠʭʽʜʥʽ ʬʘʟʦʚʽ ʟʤʽʥʥʽ, ʫʪʚʦʨʶʶʯʽ ʚʝʢʪʦʨ ʨʝʘʢʮʽʾ ɹɿʇɼ; 

 {}iz=Z  ( fi ,1=  ) ï ʚʥʫʪʨʽʰʥʽ ʬʘʟʦʚʽ ʟʤʽʥʥʽ. 

 ʆʧʝʨʘʪʦʨ iA  ( mi ,1=  ) ʷʚʣʷʻ ʩʦʙʦʶ ʧʨʘʚʠʣʦ, ʟʘ ʷʢʠʤ ʢʦʞʥʦʤʫ ʝʣʝʤʝʥʪʫ ix  

ʤʥʦʞʠʥʠ X ʚʭʽʜʥʠʭ ʬʘʟʦʚʠʭ ʟʤʽʥʥʠʭ (ʚʠʧʘʜʢʦʚʠʭ ʘʙʦ ʜʝʪʝʨʤʽʥʦʚʘʥʠʭ) 

ʩʪʘʚʠʪʴʩʷ ʚ ʦʜʥʦʟʥʘʯʥʫ ʘʙʦ ʚʟʘʽʤʦʦʜʥʦʟʥʘʯʥʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʝʣʝʤʝʥʪ iy  

ʤʥʦʞʠʥʠ Y ʚʠʭʽʜʥʠʭ ʬʘʟʦʚʠʭ ʟʤʽʥʥʠʭ. ʇʨʠ ʮʴʦʤʫ ʤʘʻ ʤʽʩʮʝ ʥʘʩʪʫʧʥʝ 

ʦʧʝʨʘʪʦʨʥʝ ʨʽʚʥʷʥʥʷ: 

AXY= . (2.3) 

 ʏʠʩʣʦ ʨʽʟʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʣʘʥʦʢ, ʟ ʷʢʠʭ ʤʦʞʥʘ ʩʢʣʘʩʪʠ 

ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʩʭʝʤʫ ɹɿʇɼ ʥʘ ʙʫʜʴ-ʷʢʦʤʫ ʽʻʨʘʨʭʽʯʥʦʤʫ ʨʽʚʥʽ, ʢʽʥʮʝʚʝ. ʊʦʤʫ 

ʜʣʷ ʬʦʨʤʘʣʴʥʦʛʦ ʦʧʠʩʫ ɹɿʇɼ ʥʘ ʟʘʜʘʥʦʤʫ ʽʻʨʘʨʭʽʯʥʦʤʫ ʨʽʚʥʽ ʜʦʩʠʪʴ ʫʚʝʩʪʠ 

ʢʽʥʮʝʚʫ ʤʥʦʞʠʥʫ (ʘʣʬʘʚʽʪ) ʦʧʝʨʘʪʦʨʽʚ: 

{}iA=A , Mi ,1= . (2.4) 

ʎʷ ʤʥʦʞʠʥʘ ʥʘʟʠʚʘʻʪʴʩʷ ʙʘʟʠʩʦʤ ʦʧʝʨʘʪʦʨʽʚ. 

 ɿʦʚʥʽʰʥʽʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ɹɿʇɼ a ʥʘʟʠʚʘʶʪʴ ʬʽʟʠʯʥʽ ʚʝʣʠʯʠʥʠ, ʯʠʩʝʣʴʥʽ 

ʟʥʘʯʝʥʥʷ ʷʢʠʭ ʚʠʟʥʘʯʘʶʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʭʽʜʥʠʭ ʬʘʟʦʚʠʭ ʟʤʽʥʥʠʭ X. ɺʝʢʪʦʨ 

ʚʭʽʜʥʠʭ ʜʽʡ, ʪʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʥʘʩʪʫʧʥʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ: 
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( )t,a=XX . (2.5) 

 ɺʥʫʪʨʽʰʥʽʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ɹɿʇɼ b ʥʘʟʠʚʘʶʪʴ ʬʽʟʠʯʥʽ ʚʝʣʠʯʠʥʠ, ʯʠʩʝʣʴʥʽ 

ʟʥʘʯʝʥʥʷ ʷʢʠʭ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʚʣʘʩʪʠʚʦʩʪʽ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʣʘʥʦʢ, ʱʦ ʫʪʚʦʨʷʪʴ 

ʩʠʩʪʝʤʫ ʡ ʦʧʠʩʫʶʪʴʩʷ ʦʧʝʨʘʪʦʨʘʤʠ ʤʥʦʞʠʥʠ A. ʇʨʠ ʮʴʦʤʫ ʦʧʝʨʘʪʦʨʠ ʤʦʞʥʘ 

ʧʨʝʜʩʪʘʚʠʪʠ ʥʘʩʪʫʧʥʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ: 

()b=AA . (2.6) 

 ʉʬʦʨʤʫʣʴʦʚʘʥʽ ʚʠʟʥʘʯʝʥʥʷ ʜʦʟʚʦʣʷʶʪʴ ʫʚʝʩʪʠ ʧʦʥʷʪʪʷ ʬʦʨʤʘʣʴʥʦʛʦ 

ʦʧʠʩʫ ɹɿʇɼ ʽ ʚʽʜʧʦʚʽʜʥʦʾ ʤʦʜʝʣʽ. ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʬʦʨʤʘʣʴʥʠʡ ʦʧʠʩ 

ɹɿʇɼ ʚʠʟʥʘʯʘʻʪʴʩʷ ʦʧʝʨʘʪʦʨʥʠʤ ʨʽʚʥʷʥʥʷʤ (2.3). ɯʟ ʚʨʘʭʫʚʘʥʥʷʤ ʫʚʝʜʝʥʠʭ 

ʟʦʚʥʽʰʥʽʭ (2.5) ʽ ʚʥʫʪʨʽʰʥʽʭ (2.6) ʧʘʨʘʤʝʪʨʽʚ ʮʝ ʨʽʚʥʷʥʥʷ ʧʨʠʡʤʘʻ ʚʠʛʣʷʜ: 

() ()( )tt ,ab= XAY , (2.7) 

ʜʝ a ʡ b ʫ ʩʚʦʶ ʯʝʨʛʫ ʤʦʞʫʪʴ ʙʫʪʠ ʬʫʥʢʮʽʷʤʠ ʯʘʩʫ t. ʌʦʨʤʘʣʴʥʘ ʩʭʝʤʘ ɹɿʇɼ, 

ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʮʝʡ ʦʧʠʩ, ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 2.1. 

 

 

 

 

 

 

 

ʈʽʚʥʷʥʥʷ (2.7) ʦʧʠʩʫʻ ʤʥʦʞʠʥʫ ʨʽʟʥʠʭ ɹɿʇɼ. ʑʦʙ ʦʧʠʩʘʪʠ ʢʦʥʢʨʝʪʥʠʡ 

ɹɿʇɼ, ʥʝʦʙʭʽʜʥʦ ʫʪʦʯʥʠʪʠ ʡ ʜʝʪʘʣʽʟʫʚʘʪʠ ʦʧʝʨʘʪʦʨ ()bA . ʗʢʱʦ ʜʘʣʽ ʚʚʝʩʪʠ 

ʦʙʤʝʞʝʥʥʷ ʡ ʜʦʧʫʱʝʥʥʷ ʱʦʜʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ, ʪʦ ʟ ʬʦʨʤʘʣʴʥʦʛʦ ʦʧʠʩʫ ʤʦʞʝ 

ʙʫʪʠ ʦʪʨʠʤʘʥʘ ʤʦʜʝʣʴ ʢʦʥʢʨʝʪʥʦʛʦ ɹɿʇɼ. ɿʘʣʝʞʥʦ ʚʽʜ ʭʘʨʘʢʪʝʨʫ ʦʙʤʝʞʝʥʴ ʽ 

ʜʦʧʫʱʝʥʴ ʤʦʜʝʣʽ ʙʫʜʫʪʴ ʨʽʟʥʠʤʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟ ʬʦʨʤʘʣʴʥʦʛʦ ʦʧʠʩʫ (2.7) 

ʤʦʞʥʘ ʦʜʝʨʞʘʪʠ ʤʥʦʞʠʥʫ ʤʦʜʝʣʝʡ ɹɿʇɼ. 

 ɺʭʽʜʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ɹɿʇɼ ʻ ʬʽʟʠʯʥʘ ʚʝʣʠʯʠʥʘ, ʯʠʩʝʣʴʥʝ ʟʥʘʯʝʥʥʷ ʷʢʦʾ 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʷʢʽʩʪʴ ʨʦʙʦʪʠ ɹɿʇɼ. ʄʥʦʞʠʥʘ ʚʠʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ɹɿʇɼ {}ig=g  

( ni ,1=  ) ʜʦʟʚʦʣʷʻ ʢʽʣʴʢʽʩʥʦ ʦʮʽʥʠʪʠ ʧʨʘʚʠʣʴʥʽʩʪʴ ʨʦʙʦʪʠ ʽ ʷʢʽʩʪʴ ʚʠʢʦʥʘʥʥʷ 

ʧʦʩʪʘʚʣʝʥʦʛʦ ʟʘʚʜʘʥʥʷ. ɼʣʷ ʦʮʽʥʢʠ ʤʥʦʞʠʥʠ ʚʠʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ g 

  

 

 

ʈʠʩ. 2.1. ʌʦʨʤʘʣʴʥʘ ʩʭʝʤʘ ɹɿʇɼ 
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ʬʦʨʤʘʣʴʥʠʡ ʦʧʠʩ ɹɿʇɼ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʜʽ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ: 

( )ab=g ,,1 AF , (2.8) 

ʜʝ A ï ʦʧʝʨʘʪʦʨ, ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʩʪʨʫʢʪʫʨʫ ɹɿʇɼ. ʊʘʢʠʡ ʦʧʠʩ ʫ ʟʘʤʢʥʫʪʽʡ ʬʦʨʤʽ 

ʤʦʞʥʘ ʦʜʝʨʞʘʪʠ ʣʠʰʝ ʚ ʨʝʟʫʣʴʪʘʪʽ ʩʝʨʡʦʟʥʦʛʦ ʪʝʦʨʝʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ, ʽ ʪʦ ʣʠʰʝ 

ʚ ʥʘʡʧʨʦʩʪʽʰʠʭ ʚʠʧʘʜʢʘʭ. 

 ʇʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʘʜʘʧʪʠʚʥʦʾ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ɹɿʇɼ ʥʘ ɽʆʄ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʡ ʬʦʨʤʘʣʴʥʠʡ ʦʧʠʩ ʚʠʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ: 

()[ ]tF Y2=g , (2.9) 

ʜʝ () (){ }tyt i=Y  ( ʥ0;,1 Ttpi ¢¢=  ; ʥT  ï ʯʘʩ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʨʝʘʣʽʟʘʮʽʾ). ʊʫʪ ʚʠʭʽʜʥʠʡ 

ʧʘʨʘʤʝʪʨ ʦʪʨʠʤʫʻʪʴʩʷ ʫ ʨʝʟʫʣʴʪʘʪʽ ʦʙʨʦʙʢʠ ʚʠʙʽʨʢʠ ʦʙʩʷʛʦʤ p ʟ ʘʥʩʘʤʙʣʶ 

ʨʝʘʣʽʟʘʮʽʡ ʚʠʭʽʜʥʦʾ ʬʘʟʦʚʦʾ ʟʤʽʥʥʦʾ Y. 

 ʌʦʨʤʘʣʴʥʘ ʩʭʝʤʘ ʤʦʜʝʣʶʚʘʥʥʷ ʘʜʘʧʪʠʚʥʦʾ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ɹɿʇɼ ʥʘ 

ɽʆʄ, ʫ ʨʝʟʫʣʴʪʘʪʽ ʷʢʦʛʦ ʤʦʞʥʘ ʦʜʝʨʞʘʪʠ ʦʮʽʥʢʫ g
$
 ʚʠʭʽʜʥʦʛʦ ʧʘʨʘʤʝʪʨʘ, 

ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 2.2.  

Tʫʪ ʟʘʚʜʘʥʥʷ ʚʠʨʽʰʫʻʪʴʩʷ ʤʝʪʦʜʦʤ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʪʦʙʪʦ 

ʰʣʷʭʦʤ ʙʘʛʘʪʦʨʘʟʦʚʠʭ ʧʨʦʛʦʥʽʚ ʤʦʜʝʣʽ ʧʨʠ ʟʘʜʘʥʠʭ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚʘʭ 0Y  ʽ 0X  

ʧʘʨʘʤʝʪʨʘʭ ʩʠʩʪʝʤʠ a ʡ b.  

ʋ ʙʣʦʮʽ X ʬʦʨʤʫʻʪʴʩʷ p ʥʝʟʘʣʝʞʥʠʭ ʨʝʘʣʽʟʘʮʽʡ ʚʭʽʜʥʠʭ ʬʘʟʦʚʠʭ ʟʤʽʥʥʠʭ 

{ }txi ,,a=X  ( pi ,1=  ). ʎʽ ʨʝʘʣʽʟʘʮʽʾ ʥʘʜʭʦʜʷʪʴ ʫ ʙʣʦʢ A, ʷʢʠʡ ʻ ʨʝʘʣʽʟʦʚʘʥʦʶ ʥʘ 

ɽʆʄ ʤʦʜʝʣʣʶ ʤʝʪʦʜʫ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʚ ɹɿʇɼ ʥʘ ʦʩʥʦʚʽ 

ʘʜʘʧʪʘʮʽʾ ʢʦʜʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʷʢʘ ʚʽʜʦʙʨʘʞʘʻ ʪʽ ʘʙʦ ʽʥʰʽ ʾʾ ʦʩʦʙʣʠʚʦʩʪʽ. ʅʘ 

ʚʠʭʦʜʽ ʙʣʦʢʫ A ʦʜʝʨʞʫʻʤʦ p ʨʝʘʣʽʟʘʮʽʡ ʚʠʭʽʜʥʠʭ ʬʘʟʦʚʠʭ ʟʤʽʥʥʠʭ () (){ }tyt i=Y   

( ʥ0;,1 Ttpi ¢¢=  ). ɼʣʷ ʩʪʦʭʘʩʪʠʯʥʠʭ ʩʠʩʪʝʤ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ Y ʻ 

ʥʝʩʪʘʮʽʦʥʘʨʥʠʤ ʚʠʧʘʜʢʦʚʠʤ ʧʨʦʮʝʩʦʤ ʟ ʙʘʛʘʪʦʤʽʨʥʠʤ ʨʦʟʧʦʜʽʣʦʤ. ʋ ʙʣʦʮʽ 2F  

ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʡ ʩʪʘʪʠʩʪʠʯʥʘ ʦʙʨʦʙʢʘ ʚʠʙʽʨʢʠ Y, ʫ ʨʝʟʫʣʴʪʘʪʽ ʷʢʦʾ 

ʦʜʝʨʞʫʻʤʦ ʦʮʽʥʢʫ ʚʠʭʽʜʥʦʛʦ ʧʘʨʘʤʝʪʨʘ g
$
. 
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 ɼʘʣʽ ʦʪʨʠʤʘʥʽ ʦʮʽʥʢʠ g
$
 ʧʦʨʽʚʥʶʶʪʴʩʷ ʟ ʥʝʦʙʭʽʜʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ *g 

ʚʠʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʦʙʫʤʦʚʣʝʥʠʤʠ ʪʝʭʥʽʯʥʠʤ ʟʘʚʜʘʥʥʷʤ ʥʘ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ɹɿʇɼ. ʅʘ ʧʽʜʩʪʘʚʽ ʧʦʨʽʚʥʷʥʥʷ ʚʠʥʦʩʠʪʴʩʷ ʨʽʰʝʥʥʷ ʧʨʦ ʧʦʜʘʣʴʰʫ ʧʨʦʮʝʜʫʨʫ 

ʤʦʜʝʣʶʚʘʥʥʷ. ʗʢʱʦ ʨʝʟʫʣʴʪʘʪ ʧʦʨʽʚʥʷʥʥʷ g
$
 ʡ *g ʥʝʟʘʜʦʚʽʣʴʥʠʡ, ʪʦ 

ʧʨʠʡʤʘʻʪʴʩʷ ʨʽʰʝʥʥʷ ʧʨʦ ʧʨʠʧʠʥʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ, ʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ 

ʬʽʢʩʫʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʜʦʢʫʤʝʥʪʘ. 

 ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ɹɿʇɼ ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ ʫ ʩʚʦʻʤʫ 

ʨʦʟʧʦʨʷʜʞʝʥʥʽ ʬʦʨʤʘʣʴʥʠʡ ʦʧʠʩ ʱʦʜʦ ʤʥʦʞʠʥʠ ʚʠʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ {}ig=g   

( ni ,1= ). ɺʠʭʽʜʥʽ ʧʘʨʘʤʝʪʨʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʦʮʽʥʢʠ ʷʢʦʩʪʽ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ, ʪʽʩʥʦ ʧʦʚ'ʷʟʘʥʽ ʟ ʢʦʥʢʨʝʪʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ, ʷʢʽ 

ʧʽʜʣʷʛʘʶʪʴ ʨʽʰʝʥʥʶ ʤʝʪʦʜʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘ ɽʆʄ. ʊʘʢʠʤʠ ʚʠʭʽʜʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ, ʪʝʭʥʽʯʥʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ, ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ. 

ʋ ʧʨʦʮʝʩʽ ʜʦʩʣʽʜʞʝʥʥʷ ɹɿʇɼ ʽ ʧʨʠʩʪʨʦʾʚ ʚʠʨʽʰʫʻʪʴʩʷ ʰʠʨʦʢʝ ʢʦʣʦ ʟʘʜʘʯ. 

ʊʠʧʦʚʠʤʠ ʟʘʜʘʯʘʤʠ, ʷʢʽ ʤʦʞʫʪʴ ʚʠʨʽʰʫʚʘʪʠʩʷ ʤʝʪʦʜʘʤʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʥʘ ɽʆʄ, ʻ [130,131]: 

ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʝʨʘʮʽʡ, ʫ ʷʢʠʭ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ɹɿʇɼ; 

ʜʦʩʣʽʜʞʝʥʥʷ ʡ ʧʨʦʝʢʪʫʚʘʥʥʷ ɹɿʇɼ ʽ ʢʦʤʧʣʝʢʩʽʚ; 

   ʇʦʨʽʚʥʷʥʥʷ 

  ʇʨʦʜʦʚʞʠʪʠ                                    

ʤʦʜʝʣʶʚʘʥʥʷ? 

ʌʽʢʩʫʚʘʥʥʷ 

ʨʝʟʫʣʴʪʘʪʽʚ 

ɿʤʽʥʘ 

 ʧʘʨʘʤʝʪʨʽʚ 

ɼʘ 

ʅ ̔

    

   

 

ʈʠʩ. 2.2. ʌʦʨʤʘʣʴʥʘ ʩʭʝʤʘ ʤʦʜʝʣʶʚʘʥʥʷ ʘʜʘʧʪʠʚʥʦʾ ʟʤʽʥʠ  

ʧʘʨʘʤʝʪʨʽʚ ɹɿʇɼ ʥʘ ɽʆʄ 
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ʟʘʜʘʯʽ ʦʧʪʠʤʽʟʘʮʽʾ ʫʧʨʘʚʣʽʥʥʷ ɹɿʇɼ, ʢʦʤʧʣʝʢʩʘʤʠ ʡ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ 

ʧʨʦʮʝʩʘʤʠ. 

ʇʦʩʪʘʥʦʚʢʫ ʮʠʭ ʟʘʜʘʯ ʽ ʤʦʞʣʠʚʽ ʰʣʷʭʠ ʾʭʥʴʦʛʦ ʨʽʰʝʥʥʷ ʤʦʞʥʘ 

ʩʬʦʨʤʫʣʶʚʘʪʠ, ʷʢʱʦ ʩʢʦʨʠʩʪʘʪʠʩʷ ʨʦʟʛʣʷʥʫʪʠʤ ʚʠʱʝ ʬʦʨʤʘʣʴʥʠʤ ʦʧʠʩʦʤ 

ɹɿʇɼ. 

 ɼʣʷ ʨʽʰʝʥʥʷ ʟʘʜʘʯ ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʝʨʘʮʽʡ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʩʪʘʪʠʩʪʠʯʥʽ ʤʦʜʝʣʽ, ʷʢʽ ʚʽʜʦʙʨʘʞʘʶʪʴ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʨʦʟʚʠʪʢʫ ʧʦʜʽʡ ʧʨʠ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʽ ɹɿʇɼ. ʉʪʘʪʠʩʪʠʯʥʽ ʤʦʜʝʣʽ ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʝʨʘʮʽʡ ï ʧʝʨʰʠʡ 

ʢʨʦʢ ʤʦʜʝʣʶʚʘʥʥʷ ɹɿʇɼ ʧʨʠ ʾʾ ʧʨʦʝʢʪʫʚʘʥʥʽ. ʌʦʨʤʘʣʴʥʠʤ ʦʧʠʩʦʤ ʧʨʦʮʝʩʫ 

ʘʜʘʧʪʠʚʥʦʾ ʟʤʽʥʠ ʩʪʨʫʢʪʫʨʠ ʢʦʜʽʚ ʚ ɹɿʇɼ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ  ̒ ʩʫʢʫʧʥʽʩʪʴ 

ʦʧʝʨʘʪʦʨʥʠʭ ʨʽʚʥʷʥʴ, ʷʢ ̔ʚʩʪʘʥʦʚʣʶʶʪ ɹʟʘʣʝʞʥʽʩʪʴ ʝʬʝʢʪʠʚʥʦʩʪʽ ɹɿʇɼ ʕ ʧʦ 

ʟʘʜʘʥʦʤʫ ʧʦʢʘʟʥʠʢʫ ʚʽʜ ʾʭ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ: 

()Q1Fʕ= , { }gba= ,,,VQ  (2.10) 

 ʊʘʢʠʤ ʯʠʥʦʤ, ʩʫʪʥʽʩʪʴ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʠ ʨʽʰʝʥʥʽ ʟʘʜʘʯ 

ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʝʨʘʮʽʡ ʟʚʦʜʠʪʴʩʷ ʜʦ ʩʠʥʪʝʟʫ ʜʝʷʢʦʛʦ ʤʦʜʝʣʶʶʯʦʛʦ ʘʣʛʦʨʠʪʤʫ, 

ʱʦ ʽʤʽʪʫʻ ʧʦʚʦʜʞʝʥʥʷ ʡ ʚʟʘʻʤʦʜʽʶ ʝʣʝʤʝʥʪʽʚ ɹɿʇɼ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʚʠʧʘʜʢʦʚʠʭ 

ʬʘʢʪʦʨʽʚ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʦʮʽʥʶʚʘʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ɹɿʇɼ (2.10). 

 ʌʦʨʤʘʣʴʥʠʤ ʦʧʠʩʦʤ ʧʨʦʮʝʩʫ ʘʜʘʧʪʠʚʥʦʾ ʟʤʽʥʠ ʩʪʨʫʢʪʫʨʠ ʢʦʜʽʚ ʚ ɹɿʇɼ 

ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʻ ʩʫʢʫʧʥʽʩʪʴ ʦʧʝʨʘʪʦʨʥʠʭ ʨʽʚʥʷʥʴ, ʷʢʘ ʚʩʪʘʥʦʚʣʶʻ ʟʘʣʝʞʥʽʩʪʴ 

ʨʝʘʢʮʽʾ ɹɿʇɼ ()tY  ʘʙʦ ʡʦʛʦ ʚʠʭʽʜʥʦʛʦ ʧʘʨʘʤʝʪʨʘ g ʚʽʜ ʦʩʥʦʚʥʠʭ ʚʥʫʪʨʽʰʥʽʭ ʽ 

ʟʦʚʥʽʰʥʽʭ ʧʘʨʘʤʝʪʨʽʚ: 

() ()( )tt ,ab= XAY , ʥ0 Tt¢¢ , (2.11) 

( )ba=g ,,1 AF  ʘʙʦ  

()[ ]tF Y2=g , () ( )[ ]ttt ,,, ab= XYY , ʥ0 Tt¢¢ , (2.12) 

ʜʝ t ï ʥʝʟʘʣʝʞʥʘ ʟʤʽʥʥʘ (ʯʘʩ). ʇʽʜ ʚʠʭʽʜʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ g ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʨʦʟʫʤʽʶʪʴ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʘʙʦ ʪʝʭʥʽʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ɹɿʇɼ. 

 ʆʩʦʙʣʠʚʽʩʪʶ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʠ ʨʽʰʝʥʥʽ ʮʴʦʛʦ ʨʦʜʫ ʟʘʜʘʯ ʻ ʥʘʷʚʥʽʩʪʴ 

ʚʠʯʝʨʧʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʧʨʦʮʝʩ ʘʜʘʧʪʠʚʥʦʾ ʟʤʽʥʠ ʩʪʨʫʢʪʫʨʠ ʢʦʜʽʚ ʚ ɹɿʇɼ ʜʣʷ 

ʧʝʨʝʭʦʜʫ ʚʽʜ ʬʦʨʤʘʣʴʥʦʛʦ ʦʧʠʩʫ (2.11), (2.12) ʜʦ ʤʦʜʝʣʝʡ. 
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 ʌʦʨʤʘʣʴʥʠʤ ʦʧʠʩʦʤ ʧʨʦʮʝʩʫ ʘʜʘʧʪʠʚʥʦʾ ʟʤʽʥʠ ʩʪʨʫʢʪʫʨʠ ʢʦʜʽʚ ʚ ɹɿʇɼ 

ʧʨʠ ʾʭ ʧʨʦʝʢʪʫʚʘʥʥʽ ʻ ʩʫʢʫʧʥʽʩʪʴ ʦʧʝʨʘʪʦʨʥʠʭ ʨʽʚʥʷʥʴ, ʷʢʽ ʚʩʪʘʥʦʚʣʶʶʪʴ 

ʟʘʣʝʞʥʽʩʪʴ ʝʬʝʢʪʠʚʥʦʩʪʽ ɹɿʇɼ ʚʽʜ ʾʭ ʩʪʨʫʢʪʫʨʠ, ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʽ 

ʟʦʚʥʽʰʥʽʭ ʚʧʣʠʚʽʚ: 

() ( )[ ]tFʕ ,,1 ab= XA . (2.13) 

ʋ ʧʨʦʮʝʩʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ɹɿʇɼ ʟʘʜʘʯʫ ʧʨʘʛʥʫʪʴ ʚʠʨʽʰʠʪʠ ʱʦʥʘʡʢʨʘʱʝ, ʪʦʙʪʦ 

ʟʘʙʝʟʧʝʯʠʪʠ ʫʤʦʚʫ extr=ʕ . 

 ʌʦʨʤʘʣʴʥʠʤ ʦʧʠʩʦʤ ʧʨʦʮʝʩʫ ʘʜʘʧʪʠʚʥʦʾ ʟʤʽʥʠ ʩʪʨʫʢʪʫʨʠ ʢʦʜʽʚ ʚ ɹɿʇɼ, 

ʷʢ̔ ʚʠʢʦʨʠʩʪʦʚʫʪʁʴʩʷ ʧʨʠ ʫʧʨʘʚʣʽʥʥʽ ʢʦʤʧʣʝʢʩʦʤ ʘʙʦ ʧʨʦʮʝʩʦʤ, ʻ ʩʫʢʫʧʥʽʩʪʴ 

ʦʧʝʨʘʪʦʨʥʠʭ ʨʽʚʥʷʥʴ, ʱʦ ʚʩʪʘʥʦʚʣʶʶʪʴ ʟʘʣʝʞʥʽʩʪʴ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʦʤʧʣʝʢʩʫ ʚʽʜ 

ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʽ ʨʝʘʢʮʽʡ ʧʨʠ ʟʘʜʘʥʠʭ ʟʦʚʥʽʰʥʽʭ ʚʧʣʠʚʘʭ: 

( )YQ,Fʕ=  ʧʨʠ ( )t,a=XX . (2.14) 

 ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ ʤʦʜʝʣʝʡ ʫ ʩʢʣʘʜʽ ʢʦʤʧʣʝʢʩʫ ʜʦʟʚʦʣʷʻ ʦʧʪʠʤʽʟʫʚʘʪʠ 

ʷʢʽʩʪʴ ʫʧʨʘʚʣʽʥʥʷ ʚ ʩʢʣʘʜʥʠʭ ʩʠʪʫʘʮʽʷʭ ʨʦʙʦʪʠ. 

 ʋ ʧʨʦʮʝʩʽ ʜʦʩʣʽʜʞʝʥʥʷ ʡ ʧʨʦʝʢʪʫʚʘʥʥʷ ɹɿʇɼ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ 

ʨʽʰʝʥʥʽ ʥʘʩʪʫʧʥʠʭ ʽʥʞʝʥʝʨʥʠʭ ʟʘʜʘʯ: 

ʘʥʘʣʽʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʘʟʦʚʠʭ ʟʤʽʥʥʠʭ X ʽ Y; 

ʘʥʘʣʽʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɹɿʇɼ, ʷʢʽ ʦʧʠʩʫʶʪʴʩʷ ʦʧʝʨʘʪʦʨʘʤʠ A, ʘʙʦ 

ʫʪʚʦʨʶʶʯʠʭ ʾʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʣʘʥʦʢ; 

ʦʮʽʥʢʘ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ K  ɹɿʇɼ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʪʦʯʥʽʩʪʴ, 

ʟʘʚʘʜʦʩʪʽʡʢʽʩʪʴ, ʥʘʜʽʡʥʽʩʪʴ ʽ ʪ.ʧ.; 

ʦʮʽʥʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ɹɿʇɼ ʚ ʮʽʣʦʤʫ; 

ʦʮʽʥʢʘ ʢʨʠʪʠʯʥʠʭ ʟʥʘʯʝʥʴ ʟʦʚʥʽʰʥʽʭ a ʘʙʦ ʚʥʫʪʨʽʰʥʽʭ b ʧʘʨʘʤʝʪʨʽʚ 

ɹɿʇɼ; 

ʦʧʪʠʤʽʟʘʮʽʷ ʧʘʨʘʤʝʪʨʽʚ a ʽ b ʟʘ ʟʘʜʘʥʠʤ ʢʨʠʪʝʨʽʻʤ; 

ʚʠʙʽʨ ʥʘʡʢʨʘʱʦʾ ʩʪʨʫʢʪʫʨʠ ɹɿʇɼ *A  ʟ ʤʥʦʞʠʥʠ A ʤʦʞʣʠʚʠʭ ʚʘʨʽʘʥʪʽʚ 

(ʬʫʥʢʮʽʦʥʘʣʴʥʝ ʧʨʦʝʢʪʫʚʘʥʥʷ). 

ɹʘʛʘʪʦ ʟʘʚʜʘʥʴ ʽʟ ʟʘʟʥʘʯʝʥʠʭ ʤʦʞʥʘ ʚʠʨʽʰʠʪʠ, ʦʜʝʨʞʘʚʰʠ ʦʮʽʥʢʫ 

ʪʝʭʥʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʘʙʦ ʧʨʦʝʢʪʦʚʘʥʠʭ ɹɿʇɼ. ʆʜʥʘʢ ʜʣʷ 
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ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ ʫ ʩʚʦʻʤʫ ʨʦʟʧʦʨʷʜʞʝʥʥʽ ʚʽʜʧʦʚʽʜʥʽ ʢʨʠʪʝʨʽʾ ʦʮʽʥʢʠ. 

ʈʦʟʛʣʷʥʝʤʦ ʤʦʞʣʠʚʽ ʩʧʦʩʦʙʠ ʚʠʙʦʨʫ ʢʨʠʪʝʨʽʶ. 

ɹɿʇɼ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʩʢʣʘʜʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ ʩʠʩʪʝʤ, ʪʦʤʫ ʾʭ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʘʨʪʦ ʦʮʽʥʶʚʘʪʠ ʡʤʦʚʽʨʥʽʩʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ. ʊʘʢʠʤʠ ʢʨʠʪʝʨʽʷʤʠ 

ʤʦʞʫʪʴ ʙʫʪʠ: 

ʡʤʦʚʽʨʥʽʩʪʴ ʥʘʩʪʘʥʥʷ ʧʦʜʽʾ B, ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ɹɿʇɼ ʚʠʢʦʥʘʻ 

ʧʦʩʪʘʚʣʝʥʫ ʟʘʜʘʯʫ ʧʦʚʥʽʩʪʶ: 

()BPʕ=1 , 10 1¢¢ʕ ; (2.15) 

 ʤʘʪʝʤʘʪʠʯʥʝ ʦʯʽʢʫʚʘʥʥʷ ʜʝʷʢʦʾ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ B: 

[] ()[ ]12 tBʕ YMM == , ʥ10 Tt ¢¢ ; (2.16) 

 ʜʠʩʧʝʨʩʽʷ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ B: 

[] ()[ ]13 tBʕ YDD == , ʥ10 Tt ¢¢ . (2.17) 

 ʈʦʟʛʣʷʥʝʤʦ ʜʝʷʢʽ ʦʩʦʙʣʠʚʦʩʪʽ ʫʚʝʜʝʥʠʭ ʢʨʠʪʝʨʽʾʚ. 

 ʂʨʠʪʝʨʽʡ (2.15) ʚʠʟʥʘʯʘʻ ʷʢʽʩʪʴ ʨʦʙʦʪʠ ɹɿʇɼ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʠʥʮʠʧʫ 

çʚʩʝ ʘʙʦ ʥʽʯʦʛʦè, çʪʘʢ ʯʠ ʥʽè, ʥʘʧʨʠʢʣʘʜ, ʧʝʨʝʜʘʥʽ ʘʙʦ ʥʝ ʧʝʨʝʜʘʥʽ 

ʧʦʚʽʜʦʤʣʝʥʥʷ. ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʪʝʭʥʽʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ɹɿʇɼ ʫ ʚʠʛʣʷʜʽ 

(2.15) ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ: 

() ( )ñ==
G

nn dqdqdqqqqWBPʕ >> 21211 ,,, , Gqi Í ,  

ʜʝ ( )nqqqW ,,, 21 >  ï ʙʘʛʘʪʦʤʽʨʥʘ ʬʫʥʢʮʽʷ ʨʦʟʧʦʜʽʣʫ ʱʽʣʴʥʦʩʪʽ ʡʤʦʚʽʨʥʦʩʪʽ 

ʨʽʰʝʥʥʷ ɹɿʇɼ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ; {}iq=Q  ( ni ,1=  ) ï ʤʥʦʞʠʥʘ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʡʤʦʚʽʨʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ɹɿʇɼ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ; 

G ï ʦʙʣʘʩʪʴ ʟʥʘʯʝʥʴ, ʷʢʽ ʧʨʠʡʤʘʶʪʴ ʧʘʨʘʤʝʪʨʠ ɹɿʇɼ ʚ ʧʨʦʮʝʩʽ ʾʭ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. 

 ɼʣʷ ʦʮʽʥʢʠ ʪʝʭʥʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʮʠʤ ʩʧʦʩʦʙʦʤ ʥʝʦʙʭʽʜʥʦ ʩʧʦʯʘʪʢʫ 

ʟʥʘʡʪʠ ʙʘʛʘʪʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ ()QW . ʄʝʪʦʜʦʤ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘ ɽʆʄ ʤʦʞʥʘ 

ʟʥʘʡʪʠ ʣʠʰʝ ʛʽʩʪʦʛʨʘʤʫ ʨʦʟʧʦʜʽʣʫ, ʪʦʙʪʦ ʦʮʽʥʢʫ ()QW
$
, ʽ ʟʘ ʫʤʦʚʠ, ʱʦ ʤʥʦʞʠʥʘ 

Q ʤʽʩʪʠʪʴ ʦʜʠʥ-ʜʚʘ ʧʘʨʘʤʝʪʨʽʚ. 

 ɼʨʫʛʠʡ ʩʧʦʩʽʙ ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ï ʙʝʟʧʦʩʝʨʝʜʥʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ɹɿʇɼ. ʇʨʠ ʮʴʦʤʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʷʢ: 



66 

() NnBPʕ B /1 ==
$

, (2.18) 

ʜʝ N ï ʦʙʩʷʛ ʚʠʙʽʨʢʠ ʟ ʘʥʩʘʤʙʣʶ ʨʝʘʣʽʟʘʮʽʡ (ʯʠʩʣʘ ʚʠʧʨʦʙʫʚʘʥʴ ɹɿʇɼ); Bn ï 

ʯʠʩʣʦ ʚʠʧʨʦʙʫʚʘʥʴ, ʷʢʽ ʟʘʚʝʨʰʠʣʠʩʷ ʚʠʢʦʥʘʥʥʷʤ ɹɿʇɼʁ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ. 

 ɽʬʝʢʪʠʚʥʽʩʪʴ ʧʦʚʠʥʥʘ ʙʫʪʠ ʚʠʟʥʘʯʝʥʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʤʥʦʞʠʥʠ 

ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ { }iK=K  ( mi ,1=  ). ɺʩʽ ʧʦʢʘʟʥʠʢʠ ʚʟʘʻʤʦʟʘʣʝʞʥʽ ʡ ʦʮʽʥʢʘ 

ʪʝʭʥʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʦʚʠʥʥʘ ʧʨʦʚʦʜʠʪʠʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʮʠʭ ʟʚ'ʷʟʢʽʚ. ɼʣʷ 

ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ ʜʦʩʠʪʴ ʜʝʪʘʣʴʥʫ ʡ ʩʢʣʘʜʥʫ ʤʦʜʝʣʴ ɹɿʇɼ, ʱʦ ʩʢʣʘʜʥʦ, 

ʦʩʦʙʣʠʚʦ ʥʘ ʧʦʯʘʪʢʦʚʠʭ ʩʪʘʜʽʷʭ ʧʨʦʝʢʪʫʚʘʥʥʷ. ʊʦʤʫ ʥʘ ʧʦʯʘʪʢʦʚʠʭ ʩʪʘʜʽʷʭ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʝʬʝʢʪʠʚʥʽʩʪʴ ɹɿʇɼ ʦʮʽʥʶʶʪʴ ʧʦ ʷʢʦʤʫ-ʥʝʙʫʜʴ ʦʜʥʦʤʫ (ʯʘʩʪʽʰʝ 

ʛʦʣʦʚʥʦʤʫ) ʧʦʢʘʟʥʠʢʫ ʷʢʦʩʪʽ, ʥʘʧʨʠʢʣʘʜ ʥʘʜʽʡʥʦʩʪʽ, ʧʨʦʧʫʩʢʥʦʾ ʩʧʨʦʤʦʞʥʦʩʪʽ, 

ʟʘʚʘʜʦʩʪʽʡʢʦʩʪʽ: 

()BPʕ ʥ

1 = ; ()BPʕ ʧ

2 = ; ()BPʕ ʧʫ

1 = . (2.19) 

ɼʣʷ ʨʽʰʝʥʥʷ ʢʦʞʥʦʾ ʟʘʜʘʯʽ ʧʦʚʠʥʥʽ ʙʫʪʠ ʧʦʙʫʜʦʚʘʥʽ ʦʢʨʝʤʦ ʚʽʜʧʦʚʽʜʥʽ 

ʤʦʜʝʣʽ.  

 ʆʪʞʝ, ʧʽʜʛʦʪʦʚʯʘ ʨʦʙʦʪʘ, ʷʢʫ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʜʦ ʧʦʯʘʪʢʫ ʜʦʩʣʽʜʞʝʥʥʷ 

ɹɿʇɼ ʥʘ ɽʆʄ, ʫ ʢʦʞʥʦʤʫ ʢʦʥʢʨʝʪʥʦʤʫ ʚʠʧʘʜʢʫ ʚʢʣʶʯʘʻ: 

 ʨʦʟʨʦʙʢʫ ʘʣʛʦʨʠʪʤʽʚ ʬʦʨʤʫʚʘʥʥʷ ʨʝʘʣʽʟʘʮʽʡ ʚʝʢʪʦʨʘ ʚʭʽʜʥʦʾ ʬʘʟʦʚʦʾ 

ʟʤʽʥʥʦʾ X; 

 ʬʦʨʤʫʚʘʥʥʷ ʡ ʨʝʘʣʽʟʘʮʽʶ ʥʘ ɽʆʄ ʤʦʜʝʣʽ ɹɿʇɼ, ʱʦ ʧʽʜʣʷʛʘʻ 

ʜʦʩʣʽʜʞʝʥʥʶ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʨʝʘʣʽʟʘʮʽʡ ʚʠʭʽʜʥʦʾ ʬʘʟʦʚʦʾ ʟʤʽʥʥʦʾ Y; 

 ʨʦʟʨʦʙʢʫ ʧʨʦʛʨʘʤʠ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʯʠʩʝʣʴʥʠʭ ʟʥʘʯʝʥʴ ʚʠʭʽʜʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ɹɿʇɼ, ʷʢʘ ʜʦʩʣʽʜʞʫʻʪʴʩʷ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʦʮʽʥʠʪʠ ʷʢʽʩʪʴ ʾʾ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. 

 ʎʝʡ ʧʽʜʨʦʟʜʽʣ ʤʽʩʪʠʪʴ ʥʝʬʦʨʤʘʣʴʥʫ ʯʘʩʪʠʥʫ, ʱʦ ʚʠʤʘʛʘʻ ʜʣʷ ʚʠʢʦʥʘʥʥʷ 

ʚʠʩʦʢʦʾ ʢʚʘʣʽʬʽʢʘʮʽʾ, ʽ ʬʦʨʤʘʣʴʥʫ, ʢʦʪʨʘ ʚ ʧʨʠʥʮʠʧʽ ʤʦʞʝ ʙʫʪʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʘ. 

ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘ ʩʚʦʾʡ ʧʦʯʘʪʢʦʚʽʡ ʩʪʘʜʽʾ ʤʦʞʝ ʧʦʣʷʛʘʪʠ ʚ ʪʦʤʫ, 

ʱʦ ʬʦʨʤʘʣʴʥʘ ʯʘʩʪʠʥʘ ʧʽʜʛʦʪʦʚʯʦʾ ʨʦʙʦʪʠ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘʟʜʘʣʝʛʽʜʴ ʽ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʘʣʽ ʜʦʩʣʽʜʥʠʢʦʤ ʫ ʤʽʨʫ ʥʝʦʙʭʽʜʥʦʩʪʽ. ʎʽ ʧʠʪʘʥʥʷ ʩʪʦʩʦʚʥʦ 

ʦʧʠʩʫ ʧʨʦʮʝʩʫ ʘʜʘʧʪʠʚʥʦʾ ʟʤʽʥʠ ʢʦʜʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʚ ɹɿʇɼ ʨʦʟʛʣʷʥʫʪʽ ʜʘʣʽ. 
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ʆʙô̒ʢʪ 

ʫʧʨʘʚʣʥ̔ʥ̫ 

 

 
 

 

 

 

ʄʦʜʫʣʴ 

ʘʜʘʧʪʘʮʽʾ 

  

ʈʠʩ. 2.3. Cʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʩʠʩʪʝʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ 

ʽʥʬʦʨʤʘʮʽʾ ʚ ɹɿʇɼ ʥʘ ʦʩʥʦʚʽ ʘʜʘʧʪʘʮʽʾ ʢʦʜʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

ʄʦʜʫʣʴ 

ʬʽʢʩʦʚʘʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ 

ʄʦʜʫʣʴ 

ʦʮʽʥʢʠ ʢʘʥʘʣʫ 

ʄʦʜʫʣʴ 

ʟʘʜʘʥʦʾ 

ʜʦʩʪʦʚʽʨʥʦʩʪʽ 

ʄʦʜʫʣʴ 

ʧʦʪʦʯʥʦʾ 

ʜʦʩʪʦʚʽʨʥʦʩʪʽ 

 

ʄʦʜʫʣʴ 

ʢʨʠʪʝʨʘ̔ʣʴʥʦ ʾ

ʦʮ̔ʥʢʠ 

 

  

2.2. ʄʝʪʦʜ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʚ ʙʝʟʧʨʦʚʦʜʦʚʠʭ 

ʟʘʩʦʙʘʭ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʥʘ ʦʩʥʦʚʽ ʘʜʘʧʪʘʮʽʾ ʢʦʜʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

 

ʅʘ ʨʠʩ. 2.3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʩʠʩʪʝʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʚ ɹɿʇɼ ʥʘ ʦʩʥʦʚʽ ʘʜʘʧʪʘʮʽʾ ʢʦʜʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ [57]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

ɺʦʥʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʤʦʜʫʣʷ ʦʙ'ʻʢʪʘ ʫʧʨʘʚʣʽʥʥʷ, ʤʦʜʫʣʷ ʟʘʜʘʥʦʾ 

ʜʦʩʪʦʚʽʨʥʦʩʪʽ, ʤʦʜʫʣʷ ʧʦʪʦʯʥʦʾ ʜʦʩʪʦʚʽʨʥʦʩʪʽ, ʤʦʜʫʣʷ ʬʽʢʩʦʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʪʫʨʙʦ ʢʦʜʫ, ʤʦʜʫʣʷ ʦʮʽʥʢʠ ʢʘʥʘʣʫ, ʤʦʜʫʣʷ ʢʨʠʪʝʨʽʘʣʴʥʦʾ ʦʮʽʥʢʠ, ʤʦʜʫʣʷ 

ʘʜʘʧʪʘʮʽʾ.ɼʦ ʩʢʣʘʜʫ ʦʙ'ʻʢʪʘ ʫʧʨʘʚʣʽʥʥʷ ʚʭʦʜʷʪʴ: ʜʞʝʨʝʣʦ ʜʘʥʠʭ (ʧʨʠʡʤʘʯ 

ʜʘʥʠʭ) ï ʙʫʬʝʨʥʠʡ ʧʨʠʩʪʨʽʡ, ʢʦʜʝʢ ʪʫʨʙʦ ʢʦʜʫ (ʙʣʦʢʦʚʦʛʦ ʢʦʜʫ, ʢʦʜʫ ʈʽʜʘ-

ʉʦʣʦʤʦʥʘ), ʤʦʜʝʤ ʩʠʛʥʘʣʽʚ ʬʘʟʦʚʦʾ ʤʦʜʫʣʷʮʽʾ, ʢʚʘʜʨʘʪʫʨʥʦʾ ʘʤʧʣʽʪʫʜʥʦʾ 

ʤʦʜʫʣʷʮʽʾ. 

ɺ ʷʢʦʩʪʽ ʦʮʽʥʢʠ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʚ ʨʦʙʦʪʽ ʧʨʠʡʥʷʪʘ ʩʝʨʝʜʥʷ 

ʡʤʦʚʽʨʥʽʩʪʴ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ 0/GEP bB = , ʜʝ bE  ï 
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ʝʥʝʨʛʽʷ ʩʠʛʥʘʣʫ, ʱʦ ʧʨʠʧʘʜʘʻ ʥʘ ʦʜʠʥ ʙʽʪ, 0G  ï ʩʧʝʢʪʨʘʣʴʥʘ ʱʽʣʴʥʽʩʪʴ 

ʧʦʪʫʞʥʦʩʪʽ ʘʜʠʪʠʚʥʦʛʦ ʙʽʣʦʛʦ ʛʘʫʩʽʚʩʴʢʦʛʦ ʰʫʤʫ. 

ʄʦʜʫʣʴ ʟʘʜʘʥʦʾ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʤʽʩʪʠʪʴ ʟʘʧʨʦʛʨʘʤʦʚʘʥʝ ʟʥʘʯʝʥʥʷ ʟʘʜʘʥʦʾ 

ʩʝʨʝʜʥʴʦʾ ʡʤʦʚʽʨʥʦʩʪʽ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ, ʷʢʝ ʧʝʨʝʜʘʻʪʴʩʷ ʜʦ ʤʦʜʫʣʷ 

ʢʨʠʪʝʨʽʘʣʴʥʦʾ ʦʮʽʥʢʠ ʫ ʚʠʛʣʷʜʽ ʤʘʩʠʚʫ ʜʘʥʠʭ ()
1
j=ū , ʜʝ ʝʣʝʤʝʥʪ 

1
j  ʚʽʜʧʦʚʽʜʘʻ 

ʟʘʜʘʥʽʡ ʩʝʨʝʜʥʽʡ ʡʤʦʚʽʨʥʦʩʪʽ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʧʨʠʡʥʷʪʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʙʽʪ 

ʜʘʥʠʭ 
ʟʘʜB

P , ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʧʝʚʥʦʤʫ ʚʽʜʥʦʰʝʥʥʶ ʩʠʛʥʘʣ-ʟʘʚʘʜʘ. 

ʄʦʜʫʣʴ ʦʮʽʥʢʠ ʢʘʥʘʣʫ, ʘʥʘʣʽʟʫʶʯʠ ʩʪʘʥ ʢʘʥʘʣʫ ʟʚôʷʟʢʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʟ ʦʙôʻʢʪʘ ʫʧʨʘʚʣʽʥʥʷ, ʬʦʨʤʫʻ ʤʘʩʠʚ ʜʘʥʠʭ ( )4321 ,,, zzzz=Z , ʜʝ 

ʝʣʝʤʝʥʪ 1z  ï ʚʠʜ ʥʘʚʤʠʩʥʦʾ ʟʘʚʘʜʠ; ʝʣʝʤʝʥʪ 2z  ï ʧʘʨʘʤʝʪʨ ʟʘʚʘʜʠ g; ʝʣʝʤʝʥʪ 3z  

ï ʚʽʜʥʦʰʝʥʥʷ ʝʥʝʨʛʽʾ ʩʠʛʥʘʣʫ ʜʦ ʩʧʝʢʪʨʘʣʴʥʦʾ ʱʽʣʴʥʦʩʪʽ ʧʦʪʫʞʥʦʩʪʽ ʰʫʤʫ 

0
2
0 /GEh b=  (ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ-ʰʫʤ); ʝʣʝʤʝʥʪ 

4
z  ï ʚʽʜʥʦʰʝʥʥʷ ʝʥʝʨʛʽʾ ʩʠʛʥʘʣʫ ʜʦ 

ʩʧʝʢʪʨʘʣʴʥʦʾ ʱʽʣʴʥʦʩʪʽ ʧʦʪʫʞʥʦʩʪʽ ʟʘʚʘʜʠ (ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ-ʟʘʚʘʜʘ) 

jbsjb PPKGEq // ==  ï ʜʣʷ ʰʫʤʦʚʦʾ ʟʘʚʘʜʠ ʚ ʯʘʩʪʠʥʽ ʩʤʫʛʠ (ʐɿʏʉ), ( jbj GEh /2 =  ï ʜʣʷ 

ʟʘʚʘʜʠ ʫ ʚʽʜʧʦʚʽʜʴ (ɿɺ), ʜʝ sK  ï ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʰʠʨʝʥʥʷ ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʫ, bP  ï 

ʧʦʪʫʞʥʽʩʪʴ ʩʠʛʥʘʣʫ, 
j

P  ï ʧʦʪʫʞʥʽʩʪʴ ʟʘʚʘʜʠ. ʄʘʩʠʚ ʜʘʥʠʭ Z  ʧʦʩʪʫʧʘʻ ʜʦ ʤʦʜʫʣʷ 

ʧʦʪʦʯʥʦʾ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʪʘ ʤʦʜʫʣʷ ʘʜʘʧʪʘʮʽʾ.   

ʄʦʜʫʣʴ ʢʨʠʪʝʨʽʘʣʴʥʦʾ ʦʮʽʥʢʠ, ʘʥʘʣʽʟʫʶʯʠ ū ʪʘ *ū, ʚʠʟʥʘʯʘʻ ʧʦʪʦʯʥʝ 

ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ, ʪʦʙʪʦ ʚʠʢʦʥʫʻ 

ʧʦʨʽʚʥʷʥʥʷ ʟʘʜBB PP ¢  ʘʙʦ ʟʘʜBB PP > . ʈʝʟʫʣʴʪʘʪ ʘʥʘʣʽʟʫ ʧʝʨʝʜʘʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ 

ʤʘʩʠʚʫ ʜʘʥʠʭ ( )skkk ,,, 21 >=K  ʨʦʟʤʽʨʥʦʩʪʽ s ʜʦ ʤʦʜʫʣʷ ʘʜʘʧʪʘʮʽʾ. ɽʣʝʤʝʥʪʠ ʤʘʩʠʚʫ 

ʜʘʥʠʭ K  ʚʽʜʧʦʚʽʜʘʶʪʴ ʢʨʠʪʝʨʽʶ ʦʮʽʥʢʠ ʧʦʪʦʯʥʦʾ ʩʝʨʝʜʥʴʦʾ ʡʤʦʚʽʨʥʦʩʪʽ ʙʽʪʦʚʦʾ 

ʧʦʤʠʣʢʠ. 

ʄʦʜʫʣʴ ʚʠʟʥʘʯʝʥʥʷ ʬʽʢʩʦʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʽʩʪʠʪʴ ʟʘʧʨʦʛʨʘʤʦʚʘʥʽ 

ʧʘʨʘʤʝʪʨʠ ʟʘʚʘʜʦʩʪʽʡʢʠʭ ʢʦʜʽʚ, ʷʢʽ ʙʫʜʫʪʴ ʥʝʟʤʽʥʥʠʤʠ ʜʣʷ ʪʫʨʙʦ ʢʦʜʽʚ ʪʘ 

ʥʘʯʘʣʴʥʠʤʠ ʜʣʷ ʢʦʜʽʚ ʈʽʜʘ-ʉʦʣʦʤʦʥʘ ʪʘ ʙʣʦʢʦʚʠʭ ʢʦʜʽʚ ʧʨʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʽ 

ɹɿʇɼ ʚ ʫʤʦʚʘʭ ʚʧʣʠʚʫ ʟʘʚʘʜ. ɼʣʷ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʦʛʦ ʪʫʨʙʦ ʢʦʜʫ ʟʥʘʯʝʥʥʷ 

ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʝʨʝʜʘʻʪʴʩʷ ʜʦ ʢʦʜʝʢʘ ʪʫʨʙʦ ʢʦʜʫ ʫ ʚʠʛʣʷʜʽ ʤʘʩʠʚʫ ʜʘʥʠʭ 

ʬʽʢʩʦʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʫʨʙʦ ʢʦʜʫ ( ))1(
5

)1(
4

)1(
3

)1(
2

)1(
1

)1( ,,,, ttttt=T , ʜʝ )1(
1t  ï ʢʽʣʴʢʽʩʪʴ 
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ʽʪʝʨʘʮʽʡ ʜʝʢʦʜʫʚʘʥʥʷ I ; )1(
2t  ï  ʨʦʟʤʽʨ ʢʘʜʨʫ ʧʝʨʝʜʘʥʦʾ ʙʽʪʦʚʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ N ; 

)1(

3t  ï ʪʠʧ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʛʦ ʧʝʨʝʤʝʞʫʚʘʯʘ/ʜʝʧʝʨʝʤʝʞʫʚʘʯʘ; )1(
4t  ï ʘʣʛʦʨʠʪʤ 

ʜʝʢʦʜʫʚʘʥʥʷ ʪʫʨʙʦ ʢʦʜʫ; )1(

5t  ï ʦʙʤʝʞʝʥʥʷ ʜʦʚʞʠʥʠ ʨʝʢʫʨʩʠʚʥʦʛʦ 

ʩʠʩʪʝʤʘʪʠʯʥʦʛʦ ʟʛʦʨʪʦʯʥʦʛʦ ʢʦʜʫ (ʈʉɿʂ) K. ɼʣʷ ʙʣʦʯʥʦʛʦ ʢʦʜʫ ʤʘʩʠʚ ʜʘʥʠʭ 

ʥʘʯʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʙʫʜʝ ʪʘʢʠʤ: ( ))2(
3

)2(
2

)2(
1

)2( ,, ttt=T , ʜʝ )2(
1t  ï ʢʽʣʴʢʽʩʪʴ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʙʽʪk , )2(
2t  ï  ʢʽʣʴʢʽʩʪʴ ʙʽʪ ʚ ʢʦʜʦʚʦʤʫ ʩʣʦʚʽ n ; )2(

3t  ï ʟʜʘʪʥʽʩʪʴ ʢʦʜʘ 

ʚʠʧʨʘʚʣʷʪʠ ʧʦʤʠʣʢʠ t. ɼʣʷ ʢʦʜʘ ʈʽʜʘ-ʉʦʣʦʤʦʥʘ ʤʘʩʠʚ ʜʘʥʠʭ ʥʘʯʘʣʴʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʙʫʜʝ ʤʘʪʠ ʥʘʩʪʫʧʥʠʡ ʚʠʜ: ( ))3(
4

)3(
3

)3(
2

)3(
1

)3( ,,, tttt=T , ʜʝ )3(
1t  ï  ʢʽʣʴʢʽʩʪʴ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʙʽʪ k ; )3(
2t  ï  ʢʽʣʴʢʽʩʪʴ ʙʽʪ ʚ ʢʦʜʦʚʦʤʫ ʩʣʦʚʽ n ; )3(

3t  ï ʟʜʘʪʥʽʩʪʴ ʢʦʜʘ 

ʚʠʧʨʘʚʣʷʪʠ ʧʦʤʠʣʢʠ t , )3(
4t  ï ʢʽʣʴʢʽʩʪʴ ʙʽʪ ʚ ʩʠʤʚʦʣʽ m. 

ʄʦʜʫʣʴ ʘʜʘʧʪʘʮʽʾ ʤʽʩʪʠʪʴ ʤʥʦʞʠʥʠ ʩʠʛʥʘʣʴʥʠʭ ʩʪʨʫʢʪʫʨ FE  ʽ ʤʥʦʞʠʥʠ 

ʩʪʨʫʢʪʫʨ ʪʫʨʙʦ ʢʦʜʫ, ʢʦʜʫ ʈʜ̔ʘ-ʉʦʣʦʤʦʥʫ ʪʘ ʙʣʦʯʥʦʛʦ ʢʦʜʫ PFE , ʷʢʽ 

ʬʦʨʤʫʶʪʴʩʷ ʥʘ ʝʪʘʧʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ɹɿʇɼ. ʋ ʤʦʜʫʣʽ ʘʜʘʧʪʘʮʽʾ ʧʦ ʚʽʜʧʦʚʽʜʥʦʤʫ 

ʟʥʘʯʝʥʥʶ ʝʣʝʤʝʥʪʽʚ ʤʘʩʠʚʽʚ ʜʘʥʠʭ K  ʪʘ Z  ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʠʙʽʨ ʟ ʤʥʦʞʠʥ FE  ʪʘ 

PFE  ʩʠʛʥʘʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ, ʷʢʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʚʠʛʣʷʜʽ ʤʘʩʠʚʫ ʜʘʥʠʭ ( )21 , ff=F , ʘ 

ʪʘʢʦʞ ʩʪʨʫʢʪʫʨʠ ʪʫʨʙʦ ʢʦʜʫ, ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʤʘʩʠʚʦʤ ʜʘʥʠʭ ( )vhvvv ttt ,,, 21 >=T  

ʨʦʟʤʽʨʥʦʩʪʽ h , ʩʪʨʫʢʪʫʨʠ ʢʦʜʫ ʈʜ̔ʘ-ʉʦʣʦʤʦʥʫ ʫ ʚʠʛʣʷʜʽ ʤʘʩʠʚʫ ʜʘʥʠʭ 

( )jrrr ,,, 21 >=R  ʨʦʟʤʽʨʥʦʩʪʽ j  ʪʘ ʩʪʨʫʢʪʫʨʠ ʙʣʦʢʦʚʠʭ ʢʦʜʽʚ ʍʝʤʤʽʥʛʘ ʫ ʚʠʛʣʷʜʽ 

ʚʝʢʪʦʨʫ ( )lhhh ,,, 21 >=H  ʨʦʟʤʽʨʥʦʩʪʽ l . ʄʘʩʠʚ ʜʘʥʠʭ F  ʤʽʩʪʠʪʴ ʥʘʩʪʫʧʥʽ ʝʣʝʤʝʥʪʠ: 

1f  ï ʚʠʜ ʤʦʜʫʣʷʮʽʾ ʩʠʛʥʘʣʫ; 2f  ï ʨʦʟʤʽʨʥʽʩʪʴ ʩʠʛʥʘʣʴʥʦʛʦ ʩʫʟʽʨ'ʷ M  (ʟʥʘʯʝʥʥʷ 

ʢʦʤʧʣʝʢʩʥʦʾ ʘʤʧʣʽʪʫʜʠ ʨʘʜʽʦʩʠʛʥʘʣʽʚ) ʟʘʩʪʦʩʦʚʫʚʘʥʦʛʦ ʚʠʜʫ ʤʦʜʫʣʷʮʽʾ. 

ɽʣʝʤʝʥʪʘʤʠ ʤʘʩʠʚʫ ʜʘʥʠʭ ʩʪʨʫʢʪʫʨʠ vT  ʻ: 1vt  ï ʢʽʣʴʢʽʩʪʴ ʢʦʤʧʦʥʝʥʪʥʠʭ ʢʦʜʝʨʽʚ 

(ʜʝʢʦʜʝʨʽʚ) ʪʫʨʙʦ ʢʦʜʫ; 2vt  ï ʧʘʨʘʤʝʪʨ ʜʝʢʦʜʫʚʘʥʥʷ ( )RMSEim ; 3vt  ï ʰʚʠʜʢʽʩʪʴ 

ʢʦʜʫʚʘʥʥʷ ʪʫʨʙʦ ʢʦʜʫ; 4vt  ï ʧʦʣʽʥʦʤ ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ ʈʉɿʂ ʪʫʨʙʦ ʢʦʜʫ 0g ; 

vhv tt ,,5 >  ï ʧʦʣʽʥʦʤʠ ʧʨʷʤʠʭ ʟʚ'ʷʟʢʽʚ ʈʉɿʂ ʪʫʨʙʦ ʢʦʜʫ 41 ,, -hgg > . ɽʣʝʤʝʥʪʘʤʠ 

ʤʘʩʠʚʫ ʜʘʥʠʭ R  ʻ: 1r  ï ʙʽʪʦʚʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʢʦʜʦʚʦʛʦ ʩʠʤʚʦʣʫ m; 2r  ï ʢʽʣʴʢʽʩʪʴ 

ʧʦʤʠʣʢʦʚʠʭ ʙʽʪ ʫ ʩʠʤʚʦʣʽ d. ɽʣʝʤʝʥʪʠ ʤʘʩʠʚʫ ʜʘʥʠʭ H  ʥʘʩʪʫʧʥʽ: 1h  ï ʜʦʚʞʠʥʘ 

ʢʦʜʫ n ; 2h  ï ʯʠʩʣʦ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʙʽʪ k . ʉʪʨʫʢʪʫʨʘ ʦʙôʻʢʪʘ ʫʧʨʘʚʣʽʥʥʷ 
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ʘʜʘʧʪʫʻʪʴʩʷ ʜʦ ʟʤʽʥʠ ʟʘʚʘʜʦʚʦʾ ʦʙʩʪʘʥʦʚʢʠ ʰʣʷʭʦʤ ʚʘʨʽʘʮʽʾ ʤʘʩʠʚʽʚ ʜʘʥʠʭ 

ʩʪʨʫʢʪʫʨʠ ʢʦʜʽʚ. 

ʉʠʤʚʦʣʦʤ R  ʙʫʜʝʤʦ ʚʠʟʥʘʯʘʪʠ ʧʦʣʝ ʜʽʡʩʥʠʭ ʯʠʩʝʣ, ʩʠʤʚʦʣʦʤ nR  - 

ʣʽʥʽʡʥʠʡ ʧʨʦʩʪʽʨ ()Rl  ʥʘʜ ʧʦʣʝʤ ʜʽʡʩʥʠʭ ʯʠʩʝʣ ʟ ʨʦʟʤʽʨʥʽʩʪʶ (){ } n=lRdim . 

ʇʨʦʮʝʩ ʘʜʘʧʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʧʦʚʠʥʝʥ ʚʢʣʶʯʘʪʠ ʚ ʩʝʙʝ ʥʘʩʪʫʧʥʽ 

ʧʦʣʦʞʝʥʥʷ [132-136]: 

1. ɼʠʥʘʤʽʯʥʽ ʧʨʦʮʝʩʠ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ ʙʘʛʘʪʦʰʘʛʦʚʽ ʧʨʦʮʝʩʠ ʟʤʽʥʠ 

ʩʪʘʥʫ, ʪʦʙʪʦ ʧʨʦʮʝʩʠ ʚ ʜʠʩʢʨʝʪʥʽ ʤʦʤʝʥʪʠ ʯʘʩʫ >,2,1=k  , ʷʢʽ ʚʽʜʪʚʦʨʶʶʪʴ 

ʧʦʩʣʽʜʦʚʥʫ ʟʤʽʥʫ ʩʪʘʥʫ ʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ. ɺ ʦʢʨʝʤʦʤʫ ʚʠʧʘʜʢʫ, ʮʷ ʟʤʽʥʘ 

ʟʘʜʘʻʪʴʩʷ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʤʠ ʨʽʚʥʷʥʥʷʤʠ; ʚ ʦʢʨʝʤʦʤʫ ʚʠʧʘʜʢʫ, ʧʦʩʣʽʜʦʚʥʽʩʪʶ 

ʬʫʥʢʮʽʡ 
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x ,  

ʜʝ ( ) mn

kh RR: ­x  ï ʟʘʜʘʥʘ ʬʫʥʢʮʽʷ ʩʪʘʥʫ kx . ʎʷ ʬʫʥʢʮʽʷ ʻ ʬʫʥʢʮʽʻʶ 

ʧʦʯʘʪʢʦʚʦʛʦ ʩʪʘʥʫ ʪʘ ʯʠʩʣʘ ʰʘʛʽʚ N ʧʨʠ ʫʤʦʚʽ, ʱʦ ʚʠʟʥʘʯʝʥʦ ʧʝʨʝʪʚʦʨʝʥʥʷ 

() nnF RR: ­x , ʷʢʝ ʤʘʻ ʚʣʘʩʪʠʚʽʩʪʴ: ( )1-= kk F xx , 1-kx  ï ʩʪʘʥ ʥʘ ʦʜʥʫ ʦʜʠʥʠʮʶ ʯʘʩʫ 

ʧʽʟʥʽʰʝ. ɺ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʧʨʠʡʤʘʻʪʴʩʷ ( )kkkk F ɝuxx ,,1-= , ʜʝ u ï ʚʝʢʪʦʨ 

ʫʧʨʘʚʣʽʥʥʷ, ʱʦ ʟʤʽʥʶʻ ʩʪʘʥ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʜʘʥʦʾ ʤʝʪʠ, ɝ ï ʚʠʧʘʜʢʦʚʘ ʟʤʽʥʘ ʟ 

ʬʽʢʩʦʚʘʥʦʶ ʘʣʝ ʥʝʚʽʜʦʤʦʶ ʬʫʥʢʮʽʻʶ ʨʦʟʧʦʜʽʣʫ ʪʘ ()ɝPĔ  ï ʘʧʨʽʦʨʥʘ ʦʮʽʥʢʘ ʜʣʷ 

ʮʽʻʾ ʬʫʥʢʮʽʾ ʨʦʟʧʦʜʽʣʫ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʘʨʘ ()( )ɝPx Ĕ,  ï ʻ ʩʪʘʥʦʤ ʫʧʨʘʚʣʷʻʤʦʛʦ 

ʦʙôʻʢʪʘ. 

2. ʉʪʘʥ ʩʠʩʪʝʤʠ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʘ ʢʦʞʥʦʤʫ ʢʨʦʮʽ. 

3. ʅʘ ʢʦʞʥʦʤʫ ʢʨʦʮʽ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʘʧʨʽʦʨʥʘ ʦʮʽʥʢʘ. 

4. ɯʩʥʫʻ ʩʠʩʪʝʤʘʪʠʯʥʘ ʧʨʦʮʝʜʫʨʘ ʜʣʷ ʤʦʜʠʬʽʢʘʮʽʾ ʘʧʨʽʦʨʥʦʾ ʬʫʥʢʮʽʾ 

ʨʦʟʧʦʜʽʣʫ ʧʦ ʤʽʨʽ ʪʦʛʦ, ʷʢ ʨʦʟʛʦʨʪʘʻʪʴʩʷ ʮʝʡ ʧʨʦʮʝʩ. ʎʷ ʧʨʦʮʝʜʫʨʘ ʤʦʞʝ ʙʫʪʠ ʟ 

ʘʜʘʧʪʘʮʽʻʶ, ʷʢʱʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʠʙʦʨʫ ku  ʥʦʚʘ ʬʫʥʢʮʽʷ ʨʦʟʧʦʜʽʣʫ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʩʪʘʨʦʾ ʬʫʥʢʮʽʾ ʨʦʟʧʦʜʽʣʫ, ʚʽʜ ʨʝʘʣʽʟʘʮʽʾ kɝ, ʚʽʜ ʧʦʯʘʪʢʦʚʦʛʦ ʩʪʘʥʫ 0x , ʥʦʚʦʛʦ 

ʩʪʘʥʫ kx  ʪʘ ʫʧʨʘʚʣʽʥʥʷ ku . 

5. ʅʝʭʘʡ { } ( )PJJM N
Ĕ,x=  ï ʤʘʪʝʤʘʪʠʯʥʝ ʦʯʽʢʫʚʘʥʥʷ ʬʫʥʢʮʽʾ ʢʨʠʪʝʨʽʷ 
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ñʩʫʤʘʨʥʦʛʦò ʪʠʧʘ ( )ä= ++=
N

k kkkN qJ
0 11,, ɝux . ʊʦʜʽ ( )PJ N

Ĕ,x  ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʫ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʧʨʠʥʮʠʧʦʤ ʦʧʪʠʤʘʣʴʥʦʩʪʽ ɹʝʣʤʘʥʘ ʚ ʚʠʛʣʷʜʽ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ 

ʨʽʚʥʷʥʥʷ ʽ ʟ ʥʴʦʛʦ ʥʘ ʢʦʞʥʦʤʫ ʢʨʦʮʽ >,2,1=k , ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʘʭʦʚʫʚʘʪʠ 

ʦʧʪʠʤʘʣʴʥʝ ʢʝʨʫʚʘʥʥʷ ( )PJ
k

k
Ĕ,min*

xu
u

= . 

ɿ ʥʘʚʝʜʝʥʦʛʦ ʬʦʨʤʫʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʫʧʨʘʚʣʽʥʥʷ ʟ ʘʜʘʧʪʘʮʽʻʶ ʚʠʥʠʢʘʶʪʴ 

ʣʦʛʽʯʥʽ ʧʨʠʥʮʠʧʠ ʘʜʘʧʪʘʮʽʾ ʧʦ ɹʝʣʤʘʥʫ [132]:  

1. ɸʜʘʧʪʠʚʥʝ ʫʧʨʘʚʣʽʥʥʷ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʫʧʨʘʚʣʽʥʥʷ ʧʦ ʩʪʘʥʫ ʚ ʫʤʦʚʘʭ 

ʚʠʧʘʜʢʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʟ ʥʝʚʽʜʦʤʦʶ ʬʫʥʢʮʽʻʶ ʨʦʟʧʦʜʽʣʫ. 

2. ɺ ʦʩʥʦʚʽ ñʤʝʭʘʥʽʟʤʫò ʘʜʘʧʪʘʮʽʾ ʻ ʪʝʦʨʽʷ ʽʪʝʨʘʮʽʡ ʽ ʪʦʤʫ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʯʠʩʝʣʴʥʽ ʤʝʪʦʜʠ ʦʧʪʠʤʽʟʘʮʽʾ ʟ ʧʦʩʣʽʜʦʚʥʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʜʘʥʠʭ. 

3. ʈʘʥʜʦʤʽʟʘʮʽʷ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ ʪʝʦʨʽʾ 

ʩʪʘʪʠʩʪʠʯʥʠʭ ʨʽʰʝʥʴ. 

ɸʜʘʧʪʠʚʥʘ ʩʠʩʪʝʤʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʚ ɹɿʇɼ ʥʘ 

ʦʩʥʦʚʽ ʘʜʘʧʪʘʮʽʾ ʢʦʜʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ (ʨʠʩ. 2.3) ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʚʣʝʥʘ 

ʩʪʨʫʢʪʫʨʥʦʶ ʤʦʜʝʣʣʶ ʥʘ ʦʩʥʦʚʽ ʤʝʨʝʞ ʇʝʪʨʽ. ɼʣʷ ʦʧʠʩʫ ʩʪʨʫʢʪʫʨʥʦʾ ʤʦʜʝʣʽ 

ʘʜʘʧʪʠʚʥʦʾ ʟʤʽʥʠ ʢʦʜʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʚ ʫʤʦʚʘʭ ʚʧʣʠʚʫ ʟʘʚʘʜ ʙʫʜʝʤʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʝʦʨʽʶ ʤʝʨʝʞ ʇʝʪʨʽ. ʇʨʠ ʮʴʦʤʫ ʘʜʘʧʪʠʚʥʘ ʩʠʩʪʝʤʘ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʚ ɹɿʇɼ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʤʝʨʝʞʝʶ ʇʝʪʨʽ 

ʘʜʘʧʪʠʚʥʦʾ ʟʤʽʥʠ ʢʦʜʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ (ʤʝʨʝʞʘ ʘʜʘʧʪʘʮʽʾ). 

ʄʝʨʝʞʘ ʘʜʘʧʪʘʮʽʾ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʯʦʪʠʨʴʦʭ ʝʣʝʤʝʥʪʽʚ: ʤʥʦʞʠʥʘ ʧʦʟʠʮʽʡ P, 

ʤʥʦʞʠʥʘ ʧʝʨʝʭʦʜʽʚ T, ʚʭʽʜʥʘ ʬʫʥʢʮʽʷ I ʪʘ ʚʠʭʽʜʥʘ ʬʫʥʢʮʽʷ O. ɺʭʽʜʥʘ ʪʘ ʚʠʭʽʜʥʘ 

ʬʫʥʢʮʽʾ ʧʦʚôʷʟʘʥʽ ʟ ʧʝʨʝʭʦʜʘʤʠ ʪʘ ʧʦʟʠʮʽʷʤʠ. ɺʭʽʜʥʘ ʬʫʥʢʮʽʷ I ʚʽʜʦʙʨʘʞʘʻ 

ʧʝʨʝʭʽʜ jt  ʚ ʤʥʦʞʠʥʫ ʧʦʟʠʮʽʡ ()
jtI , ʷʢʽ ʥʘʟʠʚʘʶʪʴʩʷ ʚʭʽʜʥʠʤʠ ʧʦʟʠʮʽʷʤʠ 

ʧʝʨʝʭʦʜʫ. ɺʠʭʽʜʥʘ ʬʫʥʢʮʽʷ O ʚʽʜʦʙʨʘʞʘʻ ʧʝʨʝʭʽʜ jt  ʚ ʤʥʦʞʠʥʫ ʧʦʟʠʮʽʡ ()jtO , 

ʷʢʽ ʥʘʟʠʚʘʶʪʴʩʷ ʚʠʭʽʜʥʠʤʠ ʧʦʟʠʮʽʷʤʠ ʧʝʨʝʭʦʜʫ. ʉʪʨʫʢʪʫʨʘ ʤʝʨʝʞʽ ʘʜʘʧʪʘʮʽʾ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʾʾ ʧʦʟʠʮʽʷʤʠ, ʧʝʨʝʭʦʜʘʤʠ, ʚʭʽʜʥʦʶ ʪʘ ʚʠʭʽʜʥʦʶ ʬʫʥʢʮʽʷʤʠ. 

ɺʠʟʥʘʯʝʥʥʷ 2.1. ʄʝʨʝʞʘ ʘʜʘʧʪʘʮʽʾ ʻ ʯʝʪʚʽʨʢʦʶ ( )OITPC ,,,= . 

{ }npppP ,,, 21 >=  ï ʢʽʥʮʝʚʘ ʤʥʦʞʠʥʘ ʧʦʟʠʮʽʡ, 0²n . { }ntttT ,,, 21 >=  ï ʢʽʥʮʝʚʘ 
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ʤʥʦʞʠʥʘ ʧʝʨʝʭʦʜʽʚ, 0²m . ʄʥʦʞʠʥʘ ʧʦʟʠʮʽʡ ʽ ʤʥʦʞʠʥʘ ʧʝʨʝʭʦʜʽʚ ʥʝ 

ʧʝʨʝʪʠʥʘʶʪʴʩʷ, Å=ÆTP . ¤­ PTI :  ʻ ʚʭʽʜʥʦʶ ʬʫʥʢʮʽʻʶ ï ʚʽʜʦʙʨʘʞʝʥʥʷʤ ʟ 

ʧʝʨʝʭʦʜʽʚ ʚ ʢʦʤʧʣʝʢʪʠ ʧʦʟʠʮʽʡ. ¤­ PTO :  ʻ ʚʠʭʽʜʥʦʶ ʬʫʥʢʮʽʻʶ ï 

ʚʽʜʦʙʨʘʞʝʥʥʷʤ ʟ ʧʝʨʝʭʦʜʽʚ ʚ ʢʦʤʧʣʝʢʪʠ ʧʦʟʠʮʽʡ. 

ʇʦʪʫʞʥʽʩʪʴ ʤʥʦʞʠʥʠ P ʻ ʯʠʩʣʦ n, ʘ ʧʦʪʫʞʥʽʩʪʴ ʤʥʦʞʠʥʠ T ï ʯʠʩʣʦ m. 

ɼʝʷʢʠʡ ʝʣʝʤʝʥʪ P ʧʦʟʥʘʯʠʤʦ ʩʠʤʚʦʣʦʤ ip , ni ,1Í , ʘ ʜʝʷʢʠʡ ʝʣʝʤʝʥʪ T ï 

ʩʠʤʚʦʣʦʤ jt , mj ,1Í . ʇʦʟʠʮʽʷ ip  ʻ ʚʭʽʜʥʦʶ ʧʦʟʠʮʽʻʶ ʧʝʨʝʭʦʜʫ jt  ʚ ʪʦʤʫ 

ʚʠʧʘʜʢʫ, ʷʢʱʦ ()ji tIp Í ; ip  ʻ ʚʠʭʽʜʥʦʶ ʧʦʟʠʮʽʻʶ ʧʝʨʝʭʦʜʫ jt , ʷʢʱʦ ()ji tOp Í . 

ɺʭʦʜʠ ʪʘ ʚʠʭʦʜʠ ʧʝʨʝʭʦʜʽʚ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʢʦʤʧʣʝʢʪʠ ʧʦʟʠʮʽʡ, ʚ ʷʢʽ ʚʢʣʶʯʝʥʽ 

ʝʣʝʤʝʥʪʠ, ʷʢʽ ʧʦʚʪʦʨʶʶʪʴʩʷ ʙʘʛʘʪʦ ʨʘʟʽʚ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʧʣʝʢʪʽʚ, ʘ ʥʝ 

ʤʥʦʞʠʥ ʜʣʷ ʚʭʦʜʽʚ ʪʘ ʚʠʭʦʜʽʚ ʧʝʨʝʭʦʜʽʚ ʜʦʟʚʦʣʷʶʪʴ ʧʦʟʠʮʽʾ ʙʫʪʠ ʢʨʘʪʥʠʤ 

ʚʭʦʜʦʤ ʘʙʦ ʢʨʘʪʥʠʤ ʚʠʭʦʜʦʤ ʧʝʨʝʭʦʜʫ.  

ʂʨʘʪʥʽʩʪʴ ʚʭʽʜʥʦʾ ʧʦʟʠʮʽʾ ip  ʜʣʷ ʧʝʨʝʭʦʜʫ jt  ʻ ʯʠʩʣʦ ʧʦʷʚ ʧʦʟʠʮʽʡ ʫ 

ʚʭʽʜʥʦʤʫ ʢʦʤʧʣʝʢʪʽ ʧʝʨʝʭʦʜʫ, ()( )ji tIp ,# . ɸʥʘʣʦʛʽʯʥʦ ʢʨʘʪʥʽʩʪʴ ʚʠʭʽʜʥʦʾ ʧʦʟʠʮʽʾ 

ip  ʜʣʷ ʧʝʨʝʭʦʜʫ jt  ʻ ʯʠʩʣʦ ʧʦʷʚ ʧʦʟʠʮʽʡ ʫ ʚʠʭʽʜʥʦʤʫ ʢʦʤʧʣʝʢʪʽ ʧʝʨʝʭʦʜʫ, 

()( )
ji tOp ,# . ʗʢʱʦ ʚʭʽʜʥʘ ʪʘ ʚʠʭʽʜʥʘ ʬʫʥʢʮʽʾ ʻ ʤʥʦʞʠʥʘʤʠ, ʘ ʥʝ ʢʦʤʧʣʝʢʪʘʤʠ, ʪʦ 

ʢʨʘʪʥʽʩʪʴ ʢʦʞʥʦʾ ʧʦʟʠʮʽʾ ʻ ʘʙʦ 0, ʘʙʦ 1. 

ʉʪʨʫʢʪʫʨʘ ʤʝʨʝʞʽ ʘʜʘʧʪʘʮʽʾ ʷʚʣʷʻ ʩʦʙʦʶ ʩʫʢʫʧʥʽʩʪʴ ʧʦʟʠʮʽʡ ʪʘ ʧʝʨʝʭʦʜʽʚ. 

ɺ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʛʨʘʬ ʤʝʨʝʞʽ ʘʜʘʧʪʘʮʽʾ ʤʘʻ ʜʚʘ ʪʠʧʠ ʚʫʟʣʽʚ. ʂʦʣʦ      ʻ ʧʦʟʠʮʽʻʶ, 

ʘ ʧʣʘʥʢʘ  ï ʧʝʨʝʭʦʜʦʤ. ʆʨʽʻʥʪʦʚʘʥʽ ʜʫʛʠ (ʩʪʨʽʣʢʠ) ʟôʻʜʥʫʶʪʴ ʧʦʟʠʮʽʾ ʪʘ 

ʧʝʨʝʭʦʜʠ, ʧʨʠ ʮʴʦʤʫ ʜʝʷʢʽ ʜʫʛʠ ʥʘʧʨʘʚʣʝʥʽ ʚʽʜ ʧʦʟʠʮʽʡ ʢ ʧʝʨʝʭʦʜʘʤ, ʘ ʜʝʷʢʽ ï 

ʚʽʜ ʧʝʨʝʭʦʜʽʚ ʢ ʧʦʟʠʮʽʷʤ. ɼʫʛʘ, ʱʦ ʥʘʧʨʘʚʣʝʥʘ ʚʽʜ ʧʦʟʠʮʽʾ ip  ʢ ʧʝʨʝʭʦʜʫ jt , 

ʚʠʟʥʘʯʘʻ ʧʦʟʠʮʽʶ, ʷʢʘ ʻ ʚʭʦʜʦʤ ʧʝʨʝʭʦʜʫ. ɺʠʭʽʜʥʘ ʧʦʟʠʮʽʷ ʧʦʟʥʘʯʘʻʪʴʩʷ ʜʫʛʦʶ 

ʚʽʜ ʧʝʨʝʭʦʜʫ ʜʦ ʧʦʟʠʮʽʾ.  

ʄʘʨʢʫʚʘʥʥʷ ɛ ʻ ʥʘʣʝʞʥʽʩʪʴ ʬʽʰʦʢ ʧʦʟʠʮʽʷʤ ʤʝʨʝʞʽ ʘʜʘʧʪʘʮʽʾ. ʌʽʰʢʘ ï ʮʝ 

ʧʨʠʤʽʪʠʚʥʝ ʧʦʥʷʪʪʷ ʪʝʦʨʽʾ ʤʝʨʝʞ ʇʝʪʨʽ. ʌʽʰʢʠ ʥʘʣʝʞʘʪʴ ʧʦʟʠʮʽʷʤ. ʂʽʣʴʢʽʩʪʴ ʽ 

ʧʦʣʦʞʝʥʥʷ ʬʽʰʦʢ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʤʝʨʝʞʽ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʷ.  

ɺʠʟʥʘʯʝʥʥʷ 2.2. ʄʘʨʢʫʚʘʥʥʷ ɛ ʤʝʨʝʞʽ ʘʜʘʧʪʘʮʽʾ ( )OITPC ,,,=  ʻ ʬʫʥʢʮʽʷ, 
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ʷʢʘ ʚʽʜʦʙʨʘʞʘʻ ʤʥʦʞʠʥʫ ʧʦʟʠʮʽʡ P ʚ ʤʥʦʞʠʥʫ ʥʝʚʽʜôʻʤʥʠʭ ʮʽʣʠʭ ʯʠʩʝʣ N.  

NP­:ɛ . 

ʄʘʨʢʫʚʘʥʥʷ ɛ ʤʦʞʝ ʙʫʪʠ ʪʘʢʦʞ ʚʠʟʥʘʯʝʥʦ ʷʢ n-ʚʝʢʪʦʨ ( )nmmm= ,,, 21 >ɛ , 

ʧʨʠ ʮʴʦʤʫ ʢʦʞʥʝ Ni Ím , ni ,1Í . ɺʝʢʪʦʨ ɛ ʚʠʟʥʘʯʘʻ ʜʣʷ ʢʦʞʥʦʾ ʧʦʟʠʮʽʾ ip  ʤʝʨʝʞʽ 

ʇʝʪʨʽ ʢʽʣʴʢʽʩʪʴ ʬʽʰʦʢ ʚ ʮʽʻʾ ʧʦʟʠʮʽʾ. ʂʽʣʴʢʽʩʪʴ ʬʽʰʦʢ ʚ ʧʦʟʠʮʽʾ ip  ʻ im, ni ,1Í . 

ɺʠʢʦʥʘʥʥʷʤ ʤʝʨʝʞʽ ʘʜʘʧʪʘʮʽʾ ʢʝʨʫʶʪʴ ʢʽʣʴʢʽʩʪʴ ʪʘ ʨʦʟʧʦʜʽʣ ʬʽʰʦʢ ʚ 

ʤʝʨʝʞʽ. ʌʽʰʢʠ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʢʨʫʞʢʘʭ ʪʘ ʢʝʨʫʶʪʴ ʚʠʢʦʥʘʥʥʷʤ ʧʝʨʝʭʦʜʽʚ ʚ 

ʤʝʨʝʞʽ. ʄʝʨʝʞʘ ʘʜʘʧʪʘʮʽʾ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘʧʫʩʢʦʤ ʧʝʨʝʭʦʜʽʚ. ʇʝʨʝʭʽʜ 

ʟʘʧʫʩʢʘʻʪʴʩʷ ʚʠʜʘʣʝʥʥʷʤ ʬʽʰʦʢ ʟ ʡʦʛʦ ʚʭʽʜʥʠʭ ʧʦʟʠʮʽʡ ʪʘ ʫʪʚʦʨʝʥʥʷʤ ʥʦʚʠʭ 

ʬʽʰʦʢ, ʷʢʽ ʧʦʤʽʱʫʶʪʴʩʷ ʚ ʡʦʛʦ ʚʠʭʽʜʥʽ ʧʦʟʠʮʽʾ. ʇʝʨʝʭʽʜ ʤʦʞʝ ʟʘʧʫʩʢʘʪʠʩʷ 

ʪʽʣʴʢʠ ʪʦʜʽ, ʢʦʣʠ ʚʽʥ ʜʦʟʚʦʣʝʥʠʡ. ʇʝʨʝʭʽʜ ʥʘʟʠʚʘʻʪʴʩʷ ʜʦʟʚʦʣʝʥʠʤ, ʷʢʱʦ ʢʦʞʥʘ 

ʟ ʡʦʛʦ ʚʭʽʜʥʠʭ ʧʦʟʠʮʽʡ ʤʘʻ ʯʠʩʣʦ ʬʽʰʦʢ ʨʽʚʥʠʤ ʯʠʩʣʫ ʜʫʛ ʟ ʧʦʟʠʮʽʾ ʚ ʧʝʨʝʭʽʜ.  

ɺʠʟʥʘʯʝʥʥʷ 2.3. ʇʝʨʝʭʽʜ Tt j Í  ʚ ʤʘʨʢʦʚʘʥʽʡ ʤʝʨʝʞʽ ʘʜʘʧʪʘʮʽʾ 

( )OITPC ,,,=  ʟ ʤʘʨʢʫʚʘʥʥʷʤ ɛ ʜʦʟʚʦʣʝʥʠʡ, ʷʢʱʦ ʜʣʷ ʚʩʽʭ Ppi Í  

() ()( )jii tIpp ,#²m . 

ʇʝʨʝʭʽʜ ʟʘʧʫʩʢʘʻʪʴʩʷ ʚʠʜʘʣʝʥʥʷʤ ʬʽʰʦʢ ʟ ʡʦʛʦ ʚʭʽʜʥʠʭ ʧʦʟʠʮʽʡ ʪʘ 

ʥʘʩʪʫʧʥʠʤ ʧʦʢʣʘʜʘʥʥʷʤ ʚ ʢʦʞʥʫ ʟ ʡʦʛʦ ʚʠʭʽʜʥʠʭ ʧʦʟʠʮʽʡ ʧʦ ʦʜʥʽʡ ʬʽʰʮʽ ʜʣʷ 

ʢʦʞʥʦʾ ʜʫʛʠ.  

ɺʠʟʥʘʯʝʥʥʷ 2.4. ʇʝʨʝʭʽʜ jt  ʚ ʤʘʨʢʦʚʘʥʽʡ ʤʝʨʝʞʽ ʘʜʘʧʪʘʮʽʾ ʟ ʤʘʨʢʫʚʘʥʥʷʤ 

ɛ ʤʦʞʝ ʙʫʪʠ ʟʜʽʡʩʥʝʥʠʡ ʚʩʷʢʠʡ ʨʘʟ, ʢʦʣʠ ʚʽʥ ʜʦʟʚʦʣʝʥʠʡ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʟʘʧʫʩʢʫ 

ʜʦʟʚʦʣʝʥʦʛʦ ʧʝʨʝʭʦʜʫ jt  ʩʪʚʦʨʶʻʪʴʩʷ ʥʦʚʝ ʤʘʨʢʫʚʘʥʥʷ ɛ¡, ʷʢʝ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʥʘʩʪʫʧʥʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ: () () ()( ) ()( )jijiii tOptIppp ,#,# +-=¡ ɛɛ . 

ʉʪʘʥ ʤʝʨʝʞʽ ʘʜʘʧʪʘʮʽʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʾʾ ʤʘʨʢʫʚʘʥʥʷʤ. ɿʘʧʫʩʢ ʧʝʨʝʭʦʜʫ 

ʟʤʽʥʶʻ ʩʪʘʥ ʤʝʨʝʞʽ ʘʜʘʧʪʘʮʽʾ ʰʣʷʭʦʤ ʟʤʽʥʠ ʤʘʨʢʫʚʘʥʥʷ ʤʝʨʝʞʽ. ɿʤʽʥʠ ʚ ʩʪʘʥʽ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʬʫʥʢʮʽʻʶ ʟʤʽʥ d, ʷʢʫ ʤʠ ʥʘʟʚʝʤʦ ʬʫʥʢʮʽʻʶ ʥʘʩʪʫʧʥʦʛʦ ʩʪʘʥʫ. 

ʂʦʣʠ ʮʷ ʬʫʥʢʮʽʷ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʦ ʤʘʨʢʫʚʘʥʥʷ ɛ (ʩʪʘʥʫ) ʪʘ ʧʝʨʝʭʦʜʫ jt , ʚʦʥʘ 

ʩʪʚʦʨʶʻ ʥʦʚʝ ʤʘʨʢʫʚʘʥʥʷ (ʩʪʘʥ), ʷʢʘ ʦʪʨʠʤʫʻʪʴʩʷ ʧʨʠ ʟʜʽʡʩʥʝʥʥʽ ʧʝʨʝʭʦʜʫ jt  ʚ 

ʤʘʨʢʫʚʘʥʥʽ ɛ. ʗʢʱʦ jt  ʜʦʟʚʦʣʝʥʠʡ, ʪʦ ( )ɛɛ ¡=d jt, , ʜʝ ɛ¡ ʻ ʤʘʨʢʫʚʘʥʥʷ, ʦʪʨʠʤʘʥʘ 
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ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʠʜʘʣʝʥʥʷ ʬʽʰʦʢ ʟ ʚʭʦʜʽʚ jt  ʪʘ ʜʦʙʘʚʣʝʥʥʷʤ ʬʽʰʦʢ ʚ ʚʠʭʦʜʠ jt . 

ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʤʝʨʝʞʽ ʘʜʘʧʪʘʮʽʾ ʦʪʨʠʤʫʶʪʴʩʷ ʜʚʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ: 

ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʤʘʨʢʫʚʘʥʴ ( )>,,, 210
ɛɛɛ  ʪʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʧʝʨʝʭʦʜʽʚ, ʷʢʽ ʙʫʣʠ 

ʟʘʧʫʱʝʥʽ ( )>,,, 210 jjj ttt . ʎʽ ʜʚʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʧʦʚôʷʟʘʥʽ ʥʘʩʪʫʧʥʠʤ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ: ( ) 1, +=d k

jk

k t ɛɛ  ʜʣʷ k = 0, 1, 2, é . 

ʅʘ ʨʠʩ. 2.4 ʧʦʢʘʟʘʥʘ ʤʘʨʢʦʚʘʥʘ ʤʝʨʝʞʘ ʘʜʘʧʪʘʮʽʾ ( )ɛ,CM =  ʜʣʷ ʢʽʣʴʢʦʩʪʽ 

ʧʦʟʠʮʽʡ (ʧʦʪʫʞʥʦʩʪʽ ʤʥʦʞʠʥʠ P) ʪʘ ʧʝʨʝʭʦʜʽʚ (ʧʦʪʫʞʥʦʩʪʽ ʤʥʦʞʠʥʠ ʊ) ʨʽʚʥʦʾ 

ʯʦʪʠʨʴʦʤ.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʇʨʠ ʪʘʢʦʤʫ ʤʘʨʢʫʚʘʥʥʽ ʜʦʟʚʦʣʝʥʠʡ ʧʝʨʝʭʽʜ ʪʽʣʴʢʠ 1t  (ʧʦʯʘʪʢʦʚʠʡ ʩʪʘʥ 0x  

ɹɿʇɼ ʚʽʜʧʦʚʽʜʘʻ ʧʦʟʠʮʽʾ 1p , ʪʦʙʪʦ ʜʝʷʢʽʡ ʢʦʜʦʚʽʡ ʢʦʥʩʪʨʫʢʮʽʾ). ʇʨʠ ʮʴʦʤʫ 

 

 

 

 

 

 

 

 

ʈʠʩ.2.4. ʄʘʨʢʦʚʘʥʘ ʤʝʨʝʞʘ ʘʜʘʧʪʘʮʽʾ, ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʦʩʥʦʚʽ ʪʝʦʨʽʾ ʤʝʨʝʞ ʇʝʪʨʽ. 

ʇʝʨʝʭʽʜ  ʜʦʟʚʦʣʝʥʠʡ. 
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(){}11 ptI = , (){ }4321 ,, ppptO = . ʗʢʱʦ ʧʝʨʝʭʽʜ ʟʘʧʫʱʝʥʠʡ, ʪʦ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʚʠʜʘʣʝʥʥʷ ʬʽʰʢʠ ʟ ʚʭʦʜʫ ʪʘ ʧʝʨʝʤʽʱʝʥʥʷ ʾʾ ʚ ʢʦʞʥʠʡ ʚʠʭʽʜ. ʇʨʠ ʮʴʦʤʫ ʬʽʰʢʘ 

ʚʠʜʘʣʷʻʪʴʩʷ ʟ 
1p  ʪʘ ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʚ 

2p , 3p  ʪʘ 
4p . ʊʘʢʠʤ ʯʠʥʦʤ, ɹɿʇɼ ʤʦʞʝ 

ʧʝʨʝʡʪʠ ʚ ʧʦʟʠʮʽʶ 2p , ʘʙʦ ʚ 3p , ʘʙʦ ʚ 4p  (ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʜʝʷʢʽʡ ʩʠʛʥʘʣʴʥʦ-

ʢʦʜʦʚʽʡ ʢʦʥʩʪʨʫʢʮʽʾ). ʇʨʠ ʮʴʦʤʫ ʩʪʘʥ ( )1101 ,, ɝuxx F= . ʅʦʚʝ ʤʘʨʢʫʚʘʥʥʷ ʤʝʨʝʞʽ 

ʘʜʘʧʪʘʮʽʾ ʧʦʢʘʟʘʥʝ ʥʘ ʨʠʩ. 2.5. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ɺ ʤʘʨʢʦʚʘʥʽʡ ʤʝʨʝʞʽ ʘʜʘʧʪʘʮʽʾ, ʟʦʙʨʘʞʝʥʽʡ ʥʘ ʨʠʩ. 2.5, ʜʦʟʚʦʣʝʥʽ 

ʧʝʨʝʭʦʜʠ 2t , 3t  ʪʘ 4t . ʇʨʠ ʟʘʧʫʩʢʫ 2t  ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʠʜʘʣʝʥʥʷ ʬʽʰʢʠ ʟ 2p  ʪʘ 

ʧʦʤʽʱʝʥʥʷ ʾʾ ʚ 1p , 3p  ʪʘ 4p . ɸʥʘʣʦʛʽʯʥʦ ʧʨʠ ʟʘʧʫʩʢʫ 3t  ʪʘ 4t . ʇʨʠ ʟʘʧʫʩʢʫ 2t  

(){ }22 ptI = , (){ }
4312

,, ppptO = . ʊʘʢʠʤ ʯʠʥʦʤ, ʩʪʘʥ ʤʝʨʝʞʽ ʘʜʘʧʪʘʮʽʾ ( )2212 ,, ɝuxx F= .  

 

 

 

 

 

 

 

 

ʈʠʩ. 2.5. ʄʘʨʢʦʚʘʥʘ ʤʝʨʝʞʘ ʘʜʘʧʪʘʮʽʾ, ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʦʩʥʦʚʽ ʪʝʦʨʽʾ ʤʝʨʝʞ ʇʝʪʨʽ, 

ʫʪʚʦʨʝʥʘ ʧʨʠ ʟʘʧʫʩʢʫ ʧʝʨʝʭʦʜʫ . ʇʝʨʝʭʦʜʠ , ,  ʜʦʟʚʦʣʝʥʽ. 
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ʅʘ ʨʠʩ. 2.4-2.5 ʚʠʙʽʨ ʢʦʥʢʨʝʪʥʦʾ ʧʦʟʠʮʽʾ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʝʢʪʦʨʫ ʟʘʚʘʜ Z . 

ɼʣʷ ʮʴʦʛʦ ʧʦʚʠʥʥʘ ʙʫʪʠ ʩʪʚʦʨʝʥʘ ʙʘʟʘ ʜʘʥʠʭ, ʚ ʷʢʽʡ ʟʘʜʘʥʽ ʤʥʦʞʠʥʠ FE  ʪʘ PFE , 

ʧʨʠ ʮʴʦʤʫ ʢʦʥʢʨʝʪʥʽ F , vT , R , H  ʦʙʠʨʘʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʧʽʜʛʦʪʦʚʢʠ 

ʧʝʨʚʠʥʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʘʜʘʧʪʠʚʥʠʭ ɹɿʇɼ, ʷʢʠʡ ʙʫʜʝ ʨʦʟʨʦʙʣʝʥʦ ʫ 

ʯʝʪʚʝʨʪʦʤʫ ʨʦʟʜʽʣʽ ʜʠʩʝʨʪʘʮʽʾ.   

ʅʘ ʥʘʩʪʫʧʥʦʤʫ ʝʪʘʧʽ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ 

ʽʥʬʦʨʤʘʮʽʾ ʚ ɹɿʇɼ ʥʘ ʦʩʥʦʚʽ ʘʜʘʧʪʘʮʽʾ ʢʦʜʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʱʦ ʜʦʟʚʦʣʠʪʴ 

ʟʘʙʝʟʧʝʯʠʪʠ ʟʘʜʘʥʽ ʧʦʢʘʟʥʠʢʠ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ 

ʝʣʝʤʝʥʪʘʨʥʠʭ ʦʧʝʨʘʮʽʡ ʮʠʬʨʦʚʠʭ ʩʠʛʥʘʣʴʥʠʭ ʧʨʦʮʝʩʦʨʽʚ ʧʨʠ ʮʠʬʨʦʚʽʡ ʦʙʨʦʙʮʽ 

ʢʦʜʦʚʘʥʠʭ ʜʘʥʠʭ. 

ʉʫʪʥʽʩʪʴ ʤʝʪʦʜʫ ʧʦʣʷʛʘʻ ʫ ʢʦʤʙʽʥʦʚʘʥʽʡ ʘʜʘʧʪʘʮʽʾ ʨʽʟʥʠʭ ʟʘʚʘʜʦʩʪʽʡʢʠʭ 

ʢʦʜʽʚ ʥʘ ʦʩʥʦʚʽ ʢʦʜʽʚ ʈʽʜʘ-ʉʦʣʦʤʦʥʘ, ɹʏʍ-ʢʦʜʽʚ ʪʘ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʪʫʨʙʦ 

ʢʦʜʽʚ ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʟʤʝʥʰʝʥʥʷ ʧʨʠ ʮʴʦʤʫ 

ʩʢʣʘʜʥʦʩʪʽ ʨʝʘʣʽʟʘʮʽʾ ʧʨʠʩʪʨʦʾʚ ʢʦʜʫʚʘʥʥʷ/ʜʝʢʦʜʫʚʘʥʥʷ. 

ɸʣʛʦʨʠʪʤ ʨʝʘʣʽʟʘʮʽʾ ʤʝʪʦʜʫ ʥʘʩʪʫʧʥʠʡ. 

1. ɺʠʟʥʘʯʝʥʥʷ ʤʘʩʠʚʽʚ ʜʘʥʠʭ ʬʽʢʩʦʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʣʷ ʪʫʨʙʦ ʢʦʜʫ, ɹʏʍ-

ʢʦʜʫ ʪʘ ʢʦʜʫ ʈʽʜʘ-ʉʦʣʦʤʦʥʘ: ( ))1(
5

)1(
4

)1(
3

)1(
2

)1(
1

)1( ,,,, ttttt=T , ( ))2(
3

)2(
2

)2(
1

)2( ,, ttt=T , 

( ))3(

4

)3(

3

)3(

2

)3(

1

)3( ,,, tttt=T . 

2. ɿʘ ʧʦʢʘʟʥʠʢ ʦʧʪʠʤʘʣʴʥʦʩʪʽ ʧʨʦʮʝʩʫ ʘʜʘʧʪʘʮʽʾ ʚʠʙʝʨʝʤʦ ʢʚʘʜʨʘʪ 

ʩʫʤʘʨʥʦʾ ʧʦʤʠʣʢʠ (ʚʽʜʭʠʣʝʥʥʷ ʨʝʛʫʣʴʦʚʘʥʦʾ ʚʝʣʠʯʠʥʠ ʚʽʜ ʟʘʜʘʥʦʾ) [137]: 

)(2
ʜ teJ = , (2.20) 

ʜʝ 2ʜ( )e t  ï ʜʠʥʘʤʽʯʥʘ ʧʦʤʠʣʢʘ  2

ʜ ʧʦʤ ʧʦʤ ʧʦʪʨ( ) ( )e t P t P= -
 
 

3. ʋʚʝʜʝʤʦ ʜʝʷʢʽ ʦʙʤʝʞʝʥʥʷ. ʊʘʢ, ʧʨʠ ʘʥʘʣʽʟʽ ʚʚʘʞʘʪʠʤʝʤʦ, ʱʦ ʯʠʩʣʦ 

ʧʦʭʽʜʥʠʭ ʧʦʤ( )P t  ʦʙʤʝʞʝʥʦ, ʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʧʘʜʢʦʚʠʭ ʜʽʡ (ʥʘʚʤʠʩʥʠʭ ʟʘʚʘʜ) 

ʚʽʜʦʤʽ ʟ ʪʦʯʥʽʩʪʶ ʜʦ ʧʘʨʘʤʝʪʨʽʚ. ʂʨʽʤ ʪʦʛʦ, ʚʚʘʞʘʪʠʤʝʤʦ, ʱʦ ʟʤʽʥʘ ʧʘʨʘʤʝʪʨʽʚ 

ʜʽʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘʙʘʛʘʪʦ ʧʦʚʽʣʴʥʽʰʝ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʝʨʝʭʽʜʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʚ 

ʜʘʥʽʡ ʩʠʩʪʝʤʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʩʠʩʪʝʤʘ, ʷʢʘ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ 

ʜʝʪʝʨʤʽʥʦʚʘʥʦʾ. 
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4. ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʨʠʥʮʠʧʫ ʩʘʤʦʥʘʣʘʰʪʫʚʘʥʥʷ ʚ ʤʝʪʦʜʽ ʟʘʩʪʦʩʦʚʘʥʠʡ 

ʧʽʜʭʽʜ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʷʢʦʛʦ ʟʥʘʭʦʜʠʪʴʩʷ ʛʨʘʜʽʻʥʪ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʨʘʟʦʤ 

[137]: 

()
1 2

,  , ...,  
N

J J J
J

u u u

è øµ µ µ
Ð =é ù

µ µ µê ú
U , (2.21) 

ʜʝ ̔u  ï ʨʝʛʫʣʴʦʚʘʥʽ ʧʘʨʘʤʝʪʨʠ ʫʧʨʘʚʣʷʶʯʦʛʦ ʧʨʠʩʪʨʦʶ, ʯʠʩʣʦ ʷʢʠʭ ʜʦʨʽʚʥʶʻN . 

ʗʢʱʦ ()UJ  ʜʦʧʫʩʢʘʻ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ, ʪʦ ʚʽʥ ʜʦʩʷʛʘʻ ʝʢʩʪʨʝʤʫʤʫ ʪʽʣʴʢʠ 

ʧʨʠ ʪʘʢʠʭ ʟʥʘʯʝʥʥʷʭ ( )1 2, , , Nu u u=U , ʜʣʷ ʷʢʠʭ N  ʯʘʩʪʢʦʚʠʭ ʧʦʭʽʜʥʠʭ 
()

v

J

u

µ

µ

U
, 

Nv ,1=  ʦʜʥʦʯʘʩʥʦ ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʚ ʥʫʣʴ, ʘʙʦ ʛʨʘʜʽʻʥʪ 

()
1 2

,  , ...,  
N

J J J
J

u u u

è øµ µ µ
Ð =é ù

µ µ µê ú
U  ʜʦʨʽʚʥʶʻ ʥʫʣʶ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʝʦʙʭʽʜʥʦʶ ʫʤʦʚʦʶ ʦʧʪʠʤʘʣʴʥʦʩʪʽ ʻ ʨʽʚʥʽʩʪʴ: 

() 0=Ð UJ . (2.22) 

5. ʆʩʥʦʚʥʘ ʽʜʝʷ ʨʦʟʚôʷʟʘʥʥʷ ʨʽʚʥʷʥʥʷ (2.22) ʧʦʣʷʛʘʻ ʚ ʥʘʩʪʫʧʥʦʤʫ. 

ʇʨʝʜʩʪʘʚʠʤʦ (2.22) ʫ ʚʠʛʣʷʜʽ: 

)(ɝ UUU JÐ-= , (2.23) 

ʜʝ ɝ ï ʜʝʷʢʠʡ ʩʢʘʣʷʨ.  

ɹʫʜʝʤʦ ʰʫʢʘʪʠ ʦʧʪʠʤʘʣʴʥʠʡ ʚʝʢʪʦʨ *=UU  ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʩʣʽʜʦʚʥʠʭ 

ʥʘʙʣʠʞʝʥʴ ʘʙʦ ʽʪʝʨʘʮʽʡ: 

[] [ ] [] [ ]1 ɝ ( 1)v v vu k u k k J u k= - - Ð -, Nv ,1= . (2.24) 

ɿʥʘʯʝʥʥʷ []ɝk  ʚʠʟʥʘʯʘʶʪʴ ʚʝʣʠʯʠʥʫ ʯʝʨʛʦʚʦʛʦ ʢʨʦʢʫ ʡ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʥʦʤʝʨʘ ʢʨʦʢʫ. ʈʽʟʥʽ ʬʦʨʤʠ ʨʝʛʫʣʷʨʥʠʭ ʽʪʝʨʘʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʦʜʠʥ 

ʚʽʜ ʦʜʥʦʛʦ ʢʦʥʢʨʝʪʥʠʤ ʚʠʙʦʨʦʤ []ɝk . 

ʌʦʨʤʘ ʟʘʧʠʩʫ ʘʣʛʦʨʠʪʤʫ ʘʜʘʧʪʘʮʽʾ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʽʟʥʠʩʥʠʤ 

ʨʽʚʥʷʥʥʷʤ: 

[ ] [] [ ] [] [ ]1 1 ɝ ( 1)u k u k u k k J u kD - = - - =- Ð -. (2.25) 

 

ɸʣʛʦʨʠʪʤ ʧʦʩʣʽʜʦʚʥʠʭ ʥʘʙʣʠʞʝʥʴ ʘʙʦ ʽʪʝʨʘʮʽʡ ʥʘʩʪʫʧʥʠʡ. 
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1. ʇʨʠ ʧʝʨʝʭʦʜʽ ʚʽʜ [ ]1vu k-  ʜʦ []vu k  ʨʦʙʠʪʴʩʷ ʚʠʧʘʜʢʦʚʠʡ ʢʨʦʢ []kgx, ʜʝ x 

ï ʚʠʧʘʜʢʦʚʠʡ ʤʘʩʠʚ ʜʘʥʠʭ, ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʠʡ ʚ n -ʚʠʤʽʨʥʽʡ ʦʜʠʥʠʯʥʽʡ 

ʩʬʝʨʽ, g ï ʚʝʣʠʯʠʥʘ ʢʨʦʢʫ. ʇʝʨʝʚʽʨʷʻʪʴʩʷ ʫʤʦʚʘ: [ ] []( ) [ ]( )1 1v vJ u k n J u k- -gx < -. 

ʗʢʱʦ ʪʘʢ, ʪʦ ʧʘʨʘʤʝʪʨʠ ʩʠʩʪʝʤʠ ʟʤʽʥʶʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʚʩʪʘʥʦʚʣʝʥʠʤ ʤʘʩʠʚʦʤ 

ʜʘʥʠʭ []vu k . ɺ ʧʨʦʪʠʣʝʞʥʦʤʫ ʚʠʧʘʜʢʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʝʨʝʭʽʜ ʜʦ ʢʨʦʢʫ 2. 

2. ʈʦʙʠʪʴʩʷ ʥʘʩʪʫʧʥʠʡ ʚʠʧʘʜʢʦʚʠʡ ʢʨʦʢ []kgx ʽ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʟʥʦʚʫ 

ʧʝʨʝʚʽʨʷʻʪʴʩʷ ʫʤʦʚʘ [ ] []( ) [ ]( )1 1v vJ u k n J u k- -gx < -. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʨʝʢʫʨʝʥʪʥʠʡ ʧʨʦʮʝʩ ʜʦ ʪʠʭ ʧʽʨ, ʧʦʢʠ ʥʝ ʙʫʜʝ ʚʠʢʦʥʘʥʘ ʫʤʦʚʘ 

[ ] []( ) [ ]( )1 1v vJ u k n J u k- -gx < -. ʗʢʱʦ ʫʤʦʚʘ ʥʝ ʚʠʢʦʥʘʥʘ ʽ ʧʝʨʝʙʨʘʥʽ ʚʩʽ ʝʣʝʤʝʥʪʠ 

U, ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʠʙʽʨ ʥʘʩʪʫʧʥʦʛʦ ʤʘʩʠʚʫ ʜʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ U. ɿʜʽʡʩʥʶʻʪʴʩʷ 

ʧʝʨʝʭʽʜ ʜʦ ʢʨʦʢʫ 1. 

3. ʇʨʦʮʝʜʫʨʘ ʧʦʰʫʢʫ ʤʽʥʽʤʫʤʫ ʧʦʤP  ʟʜʽʡʩʥʶʻʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ: ʧʨʠ 

ʧʦʯʘʪʢʦʚʦʤʫ ʟʥʘʯʝʥʥʽ 
1u  ʟʤʽʥʶʻʪʴʩʷ ʪʽʣʴʢʠ ʩʢʣʘʜʦʚʘ 2u  ʜʦ ʪʠʭ ʧʽʨ, ʧʦʢʠ ʧʦʤP  ʥʝ 

ʜʦʩʷʛʥʝ ʝʢʩʪʨʝʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ. ʇʽʩʣʷ ʮʴʦʛʦ ʟʜʽʡʩʥʶʶʪʴʩʷ ʘʥʘʣʦʛʽʯʥʽ ʟʤʽʥʠ 

3u  ʜʦ ʜʦʩʷʛʥʝʥʥʷ ʝʢʩʪʨʝʤʫʤʫ ʡ ʪ.ʜ. ʜʦ Nu , ʧʦʪʽʤ ʚʝʩʴ ʮʠʢʣ ʧʦʰʫʢʫ 

ʧʦʚʪʦʨʶʻʪʴʩʷ, ʧʦʯʠʥʘʶʯʠ ʟ 
1u  ʜʦ ʚʠʢʦʥʘʥʥʷ ʫʤʦʚʠ () 10, ( ) ( )kJ J u J u+Ð = <U . 

4. ʇʝʨʝʚʽʨʷʻʪʴʩʷ ʚʠʢʦʥʘʥʥʷ ʫʤʦʚʠ () 10, ( ) ( )kJ J u J u+Ð = <U
ʧʦʤ ʧʦʤ ʧʦʪʨ( )P P¢ . 

ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʫʤʦʚʠ () 10, ( ) ( )kJ J u J u+Ð = <U  ʟʥʘʯʝʥʥʷ ʤʘʩʠʚʫ ʜʘʥʠʭ U 

ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʟʤʽʥʥʠʤʠ. 

ʇʨʠ ʥʝʚʠʢʦʥʘʥʥʽ ʫʤʦʚʠ () 10, ( ) ( )kJ J u J u+Ð = <U  ʧʨʦʚʦʜʠʪʴʩʷ ʥʦʚʠʡ ʮʠʢʣ 

ʧʦʰʫʢʫ ʤʽʥʽʤʫʤʫ ʈʧʦʤ. ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʥʰʦʛʦ ʢʣʘʩʫ ʢʦʜʽʚ, ʽ ʘʣʛʦʨʠʪʤ 

ʧʦʚʪʦʨʶʻʪʴʩʷ. 

ʇʽʜ ʟʘʚʜʘʥʥʷʤ ʧʦʰʫʢʫ ʙʫʜʝʤʦ ʨʦʟʫʤʽʪʠ ʚʽʜʰʫʢʘʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʟʥʘʯʝʥʥʷ ʥʝʚʽʜʦʤʦʾ ʬʫʥʢʮʽʾ ( )nxxQ ,,1 >  ʘʙʦ ʪʘʢʠʭ ʟʥʘʯʝʥʴ ʟʤʽʥʥʠʭ **

nxx ,,1 > , ʷʢʽ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʧʪʠʤʘʣʴʥʦʤʫ ʟʥʘʯʝʥʥʶ ʬʫʥʢʮʽʾ ( )***= nxxQQ ,,1 > . ʇʨʠ ʮʴʦʤʫ 

ʘʥʘʣʽʪʠʯʥʘ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʬʫʥʢʮʽʻʶ ʢʨʠʪʝʨʽʶ ʽ ʟʤʽʥʥʠʤʠ ʨʽʚʥʷʥʥʷ ),1( nixi =  

ʘʙʦ ʥʝʚʽʜʦʤʘ, ʘʙʦ ʜʫʞʝ ʩʢʣʘʜʥʘ. 
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ɺʽʜʤʽʥʥʽʩʪʴ ʨʦʟʨʦʙʣʝʥʦʛʦ ʤʝʪʦʜʫ ʚʽʜ ʽʩʥʫʶʯʠʭ, ʱʦ ʚʠʟʥʘʯʘʻ ʡʦʛʦ 

ʥʦʚʠʟʥʫ, ʧʦʣʷʛʘʻ ʚ ʟʘʩʪʦʩʫʚʘʥʥʽ ʨʽʟʥʠʭ ʟʘ ʩʪʨʫʢʪʫʨʦʶ ʟʘʚʘʜʦʩʪʽʡʢʠʭ ʢʦʜʽʚ, ʚʽʜ 

ʙʽʣʴʰ ʧʨʦʩʪʠʭ ʜʦ ʙʽʣʴʰ ʩʢʣʘʜʥʠʭ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ-ʰʫʤ ʚ 

ʢʘʥʘʣʽ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʜʘʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʦʩʪʦʚʽʨʥʦʩʪʽ 

ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʩʧʨʦʱʝʥʥʷ ʚʘʨʽʘʥʪʽʚ ʩʠʥʪʝʟʫ ʤʦʜʝʣʝʡ ɹɿʇɼ, ʦʩʦʙʣʠʚʦ ʟʘ ʫʤʦʚ 

ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʥʘʚʤʠʩʥʠʭ ʟʘʚʘʜ. 

ɿ ʤʝʪʦʶ ʦʮʽʥʢʠ ʩʢʣʘʜʥʦʩʪʽ ʨʝʘʣʽʟʘʮʽʾ ʤʝʪʦʜʫ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ 

ʽʥʬʦʨʤʘʮʽʾ ʚ ɹɿʇɼ ʥʘ ʦʩʥʦʚʽ ʘʜʘʧʪʠʚʥʦʛʦ ʢʦʜʫʚʘʥʥʷ ʙʫʣʘ ʧʨʦʚʝʜʝʥʘ ʦʮʽʥʢʘ 

ʩʢʣʘʜʥʦʩʪʽ ʘʣʛʦʨʠʪʤʽʚ ʜʝʢʦʜʫʚʘʥʥʷ ʪʫʨʙʦ ʢʦʜʽʚ ʧʨʠ ʜʝʢʦʜʫʚʘʥʥʽ ʙʽʪʘ 

ʽʥʬʦʨʤʘʮʽʾ, ʦʩʢʽʣʴʢʠ ʜʝʢʦʜʝʨ ʪʫʨʙʦ ʢʦʜʫ ʻ ʥʘʡʙʽʣʴʰ ʩʢʣʘʜʥʠʤ ʝʣʝʤʝʥʪʦʤ.    

ɺ ʪʘʙʣ. 2.1 ï 2.3 ʥʘʚʝʜʝʥʽ ʟʚʝʜʝʥʽ ʜʘʥʥʽ ʦʪʨʠʤʘʥʽ ʚ [61] (ʜʣʷ Map, Max Log 

Map ʪʘ Log Map ʘʣʛʦʨʠʪʤʚ̔ ʜʝʢʦʜʫʚʘʥʥʷ), ʜʝ m ï ʢʽʣʴʢʽʩʪʴ ʷʯʽʡʦʢ ʧʘʤ'ʷʪ,̔ ʘ q ï 

ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʩʠʤʚʦʣʽʚ ʟ ʚʠʭʦʜʫ ʈʉɿʂ, ADD ï ʘʣʛʝʙʨʘʾʯʥʘ ʦʧʝʨʘʮʽʷ 

ʜʦʜʘʚʘʥʥʷ, MULT ïʤʥʦʞʝʥʥʷ, DIV ï ʜʽʣʝʥʥʷ, SUB ï ʚʽʜʥʽʤʘʥʥʷ, MAX  ï 

ʚʠʟʥʘʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ, COMP ï ʧʦʨʽʚʥʷʥʥʷ, ABS ï ʚʠʟʥʘʯʝʥʥʷ 

ʘʙʩʦʣʶʪʥʦʛʦ ʟʥʘʯʝʥʥʷ, LOG ï ʣʦʨʠʬʤʫʚʘʥʥʷ, EXP ï ʝʢʩʧʦʥʝʥʮʽʦʥʫʚʘʥʥʷ.   

 

ʊʘʙʣʠʮ ̫ 2.1 ï ʂʽʣʴʢʽʩʪʴ ʘʣʛʝʙʨʘʾʯʥʠʭ ʦʧʝʨʘʮʽʡ ʜʣʷ ʜʝʢʦʜʫʚʘʥʥʽ ʙʽʪʘ ʽʥʬʦʨʤʘʮʽʾ ʟʘ 

ʘʣʛʦʨʠʪʤʦʤ Map 

ʆʧʝʨʘʮʽʾ 
ʇʘʨʘʤʝʪʨʠ ʘʣʛʦʨʠʪʤʫ ʜʝʢʦʜʫʚʘʥʥʷ ʄʘʨ 

g a b a~  b
~

 s L L_e 

ADD 2 ³ 2
m 
³ q 2

m
 2

m
 2

m 
- 1   2 ³ 2

m 
- 2  

MULT 2 ³ 2
m 
³ (q + 3) 2 ³ 2

m
 2 ³ 2

m
   4 ³ 2

m
   

DIV    2
m
 2

m
  1  

SUB        2 

LOG       1  

EXP 2 ³ 2
m
        

 
ʊʘʙʣʠʮ ̫ 2.2 ï ʂʽʣʴʢʽʩʪʴ ʘʣʛʝʙʨʘʾʯʥʠʭ ʦʧʝʨʘʮʽʡ ʜʣʷ ʜʝʢʦʜʫʚʘʥʥʽ ʙʽʪʘ ʽʥʬʦʨʤʘʮʽʾ ʟʘ 

ʘʣʛʦʨʠʪʤʦʤ Max Log ʄʘʨ 

ʆʧʝʨʘʮʽʾ 
ʇʘʨʘʤʝʪʨʠ ʘʣʛʦʨʠʪʤʫ ʜʝʢʦʜʫʚʘʥʥʷ Max Log ʄʘʨ 

G A B A
~

 B
~

 s L L_e 

ADD 2 ³ 2
m 
³ q 2 ³ 2

m
 2 ³ 2

m
   4 ³ 2

m
   

MULT 2 ³ 2
m 
³  (q + 3)        

SUB    2
m
 2

m
  1 2 

MAX   2
m
 2

m
 2

m 
- 1   2 ³ 2

m 
- 2  
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ʊʘʙʣʠʮ ̫ 2.3 ï ʂʽʣʴʢʽʩʪʴ ʘʣʛʝʙʨʘʾʯʥʠʭ ʦʧʝʨʘʮʽʡ ʜʣʷ ʜʝʢʦʜʫʚʘʥʥʽ ʙʽʪʘ ʽʥʬʦʨʤʘʮʽʾ ʟʘ 

ʘʣʛʦʨʠʪʤʦʤ Log Map 

ʆʧʝʨʘʮʽʾ 
ʇʘʨʘʤʝʪʨʠ ʘʣʛʦʨʠʪʤʫ ʜʝʢʦʜʫʚʘʥʥʷ Log ʄʘʨ 

G A B A
~

 B
~

 s L L_e 

ADD 2 ³ 2
m 
³ q 3 ³ 2

m
 3 ³ 2

m
   4 ³ 2

m
 2 ³ 2

m 
- 2  

MULT 2 ³ 2
m 
³  (q + 3)        

SUB    2
m
 2

m
  1 2 

MAX   2
m
 2

m
 2

m 
- 1   2 ³ 2

m 
- 2  

COMP  5 ³ 2
m
 5 ³ 2

m
    10 ³ 2

m 
- 10  

ABS  2
m
 2

m
    2³2

m
-2  

 

ɺ ʪʘʙʣ. 2.4 ʥʘʚʝʜʝʥʦ ʢʽʣʴʢʽʩʪʴ ʘʣʛʝʙʨʘʾʯʥʠʭ ʦʧʝʨʘʮʽʡ ʜʣʷ ʜʝʢʦʜʫʚʘʥʥ ̫ʙʽʪʘ 

ʽʥʬʦʨʤʘʮʽʾ ʟʘ ʘʣʛʦʨʠʪʤʦʤ Map, ʱʦ ʚʠʢʦʥʫʶʪʴʩʷ ʟʘ ʦʜʠʥ ʪʘʢʪ ʨʦʙʦʪʠ ʮʠʬʨʦʚʦʛʦ 

ʩʠʛʥʘʣʴʥʦʛʦ ʧʨʦʮʝʩʦʨʘ ʦʪʨʠʤʘʥʠʭ ʚ [61].  

ʊʘʙʣʠʮ ̫2.4.  

ʆʧʝʨʘʮʽʾ 
ʇʘʨʘʤʝʪʨʠ ʘʣʛʦʨʠʪʤʫ ʜʝʢʦʜʫʚʘʥʥʷ ʄʘʨ 

g a b a~  b
~

 s L L_e 

ADD 2 ³ 2
m 
³ q +22 ³ 2

m
 + 8 2

m
 2

m
 2

m 
- 1   2 ³ 2

m 
- 2  

MULT 2 ³ 2
m 
³ q + 246 ³ 2

m
 + 66 2 ³ 2

m
 2 ³ 2

m
 2

m
 2

m
 4 ³ 2

m
 1  

RECIPS 20 ³ 2
m
 +8   2

m
 2

m
  1  

SUB 1       2 
 

ʆʧʝʨʘʮʽʾ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 2.2, 2.3 ʥʝ ʟʤʽʥʶʶʪʴʩʷ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʝʣʝʤʝʥʪʘʨʥʠʤ.  

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʜʘʚʘʥʥʷ ʦʪʨʠʤʘʥʦ ʟʘʛʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʘʨʥʠʭ 

ʦʧʝʨʘʮʽʡ ʜʣʷ ʘʣʛʦʨʠʪʤʽʚ ʜʝʢʦʜʫʚʘʥʥʷ Map, Max Log Map ʠ Log Map, 

ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʜʝʢʦʜʫʚʘʥʥʷ ʦʜʥʦʛʦ ʙʽʪʫ ʽʥʬʦʨʤʘʮʽʾ (ʪʘʙʣ. 2.5).   

 

ʊʘʙʣʠʮ ̫2.5 ï ʆʮ̔ʥʢʘ ʩʢʣʘʜʥʦʩʪʽ ʨʝʘʣʽʟʘʮʽʾ ʘʣʛʦʨʠʪʤʚ̔ ʜʝʢʦʜʫʚʘʥʥʷ ʪʫʨʙʦ ʢʦʜʽʚ  

ʉʢʣʘʜʥʽʩʪʴ 
ɸʣʛʦʨʠʪʤ ʜʝʢʦʜʫʚʘʥʥʷ ʪʫʨʙʦ ʢʦʜʽʚ 

ʄʘʨ Max Log ʄʘʨ Log ʄʘʨ 

f 4 ³ 2
m 
³ q + 305 ³ 2

m
 + 84 4 ³ 2

m 
³ q + 21 ³ 2

m
 4 ³ 2

m 
³ q + 49 ³ 2

m
 - 14 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʢʣʘʜʥʩ̔ʪɹ ʨʝʘʣʽʟʘʮʽʾ ʘʣʛʦʨʠʪʤʽʚ ʜʝʢʦʜʫʚʘʥʥʷ ʪʫʨʙʦ ʢʦʜʽʚ (f) 

ʻ ʬʫʥʢʮʽʻʶ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʷʯʽʡʦʢ ʧʘʤ'ʷʪʽ ʈʉɿʂ ʪʘ ʢʽʣʴʢʦʩʪʽ ʩʠʤʚʦʣʽʚ ʟ ʚʠʭʦʜʫ 

ʈʉɿʂ fMap = f(m, q), fMax Log Map = x(m, q), fLog Map = z(m, q). 
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ɺ ʪʘʙʣ. 2.6 ï 2.8 ʥʘʚʝʜʝʥʽ ʟʚʝʜʝʥʽ ʜʘʥʥʽ ʦʪʨʠʤʘʥʽ ʜʣʷ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ  

m ʪʘ q ʚ [61]. 

 

ʊʘʙʣʠʮ ̫ 2.6 ï ʂʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʘʨʥʠʭ ʦʧʝʨʘʮʽʡ ʧʨʠ ʜʝʢʦʜʫʚʘʥʥʽ ʙʽʪʫ ʽʥʬʦʨʤʘʮʽʾ ʟʘ 

ʘʣʛʦʨʠʪʤʦʤ Map 

 q 

m 2 3 4 5 

2 1336 1352 1368 1384 

3 2588 2620 2652 2684 

4 5092 5156 5220 5284 

5 10100 10228 10356 10484 

6 20116 20372 20628 20884 

7 40148 40660 41172 41684 

8 80212 81236 82260 83284 

9 160340 162388 164436 166484 
 

ʊʘʙʣʠʮ ̫2.7 ï ʂʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʘʨʥʠʭ ʦʧʝʨʘʮʽʡ ʧʨʠ ʜʝʢʦʜʫʚʘʥʥʽ ʙʽʪʫ ʽʥʬʦʨʤʘʮʽʾ ʟʘ 

ʘʣʛʦʨʠʪʤʦʤ Max Log ʄʘʨ 

 q 

m 2 3 4 5 

2 116 132 148 164 

3 232 264 296 328 

4 464 528 592 656 

5 928 1056 1184 1312 

6 1856 2112 2368 2624 

7 3712 4224 4736 5248 

8 7424 8448 9472 10496 

9 14848 16896 18944 20992 
 

ʊʘʙʣʠʮ ̫2.8 ï ʂʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʘʨʥʠʭ ʦʧʝʨʘʮʽʡ ʧʨʠ ʜʝʢʦʜʫʚʘʥʥʽ ʙʽʪʫ ʽʥʬʦʨʤʘʮʽʾ 

ʟʘ ʘʣʛʦʨʠʪʤʦʤ Log ʄʘʨ 

 q 

m 2 3 4 5 

2 214 230 246 262 

3 442 474 506 538 

4 898 962 1026 1090 

5 1810 1938 2064 2194 

6 3634 3890 4146 4402 

7 7282 7794 8306 8818 

8 14578 15602 16626 17650 

9 29170 31218 33266 35514 

 

ɿʘʣʝʞʥʦʩʪʽ ʩʢʣʘʜʥʦʩʪʽ ʘʣʛʦʨʠʪʤʽʚ ʜʝʢʦʜʫʚʘʥʥʷ Map, Max Log Map ʠ Log 

Map ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʷʯʽʡʦʢ ʧʘʤ'ʷʪʽ ʈʉɿʂ ʜʣʷ ʨʽʟʥʠʭ q ʥʘʚʝʜʝʥʽ ʚʽʜʧʦʚʽʜʥʦ ʥʘ  

ʨʠʩ. 2.6 ï 2.8.  
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ɸʥʘʣʽʟ ʟʘʣʝʞʥʦʩʪʝʡ ʩʚʽʜʯʠʪʴ, ʱʦ ʩʢʣʘʜʥʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ ʘʣʛʦʨʠʪʤʽʚ 

ʜʝʢʦʜʫʚʘʥʥʷ ʪʫʨʙʦ ʢʦʜʽʚ ʟʙʽʣʴʰʫʻʪʴʩʷ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ m 

ʈʉɿʂ, ʘ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ q ï ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʝ ʩʫʪʪʻʚʦ. ʊʘʢʦʞ ʧʨʠ ʦʜʥʘʢʦʚʠʭ 
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ʈʠʩ. 2.6. ʉʢʣʘʜʥʽʩʪʴ ʘʣʛʦʨʠʪʤʫ Map 
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ʈʠʩ. 2.7. ʉʢʣʘʜʥʽʩʪʴ ʘʣʛʦʨʠʪʤʫ Log Map 
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ʈʠʩ. 2.8. ʉʢʣʘʜʥʽʩʪʴ ʘʣʛʦʨʠʪʤʫ Max Log Map 
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ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʘʣʛʦʨʠʪʤ Map ʻ ʩʘʤʠʤ ʩʢʣʘʜʥʠʤ, Max Log Map ï ʤʝʥʰ 

ʩʢʣʘʜʥʠʤ. 

 ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʩʢʣʘʜʥʦʩʪ̔ ʨʝʘʣʽʟʘʮʽʾ ʘʣʛʦʨʠʪʤʽʚ ʜʝʢʦʜʫʚʘʥʥʷ ʪʫʨʙʦ ʢʦʜʽʚ 

ʚʠʢʦʨʠʩʪʘʻʤʦ ʧʘʨʘʤʝʪʨʠ ʚʽʜʥʦʩʥʦʾ ʩʢʣʘʜʥʦʩʪʽ n, n1 ʠ n2. ʇʘʨʘʤʝʪʨ n ʧʦʢʘʟʫʻ ʫ 

ʩʢʽʣʴʢʠ ʨʘʟʽʚ ʘʣʛʦʨʠʪʤ Map ʩʢʣʘʜʥʽʰʝ ʘʣʛʦʨʠʪʤʫ Max Log Map, n1 ï ʫ ʩʢʽʣʴʢʠ 

ʨʘʟʽʚ ʘʣʛʦʨʠʪʤ Map ʩʢʣʘʜʥʽʰʝ ʘʣʛʦʨʠʪʤʫ Log Map, n2  ï ʫ ʩʢʽʣʴʢʠ ʨʘʟʽʚ 

ʘʣʛʦʨʠʪʤ Log Map ʩʢʣʘʜʥʽʰʝ ʘʣʛʦʨʠʪʤʫ Max Log Map [62]: 
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(2.28) 

ɺ ʪʘʙʣ. 2.9 ï 2.11 ʥʘʚʝʜʝʥʽ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʽ ʟʘ (2.26) ï (2.28) ʜʣʷ n, n1 ʪʘ 

n2 [62]. 

ʊʘʙʣʠʮʷ 2.9 ï ɺʽʜʥʦʩʥʘ ʩʢʣʘʜʥʽʩʪʴ ʘʣʛʦʨʠʪʤʫ Map ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ Max Log Map  

 q 

m 2 3 4 5 

2 11,5 10,2 9,2 8,4 

3 11,2 9,9 9,0 8,2 

4 11,0 9,8 8,8 8,1 

5 10,9 9,7 8,7 8,0 

6 10,8 9,6 8,7 8,0 

7 10,8 9,6 8,7 7,9 

8 10,8 9,6 8,7 7,9 

9 10,8 9,6 8,7 7,9 
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ʊʘʙʣʠʮʷ 2.10 ï ɺʽʜʥʦʩʥʘ ʩʢʣʘʜʥʽʩʪʴ ʘʣʛʦʨʠʪʤʫ Map ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ Log Map  

 q 

m 2 3 4 5 

2 6,2 5,9 5,6 5,3 

3 5,9 5,5 5,2 5,0 

4 5,7 5,4 5.1 4,8 

5 5,6 5,3 5,0 4,8 

6 5,5 5,2 5,0 4,7 

7 5,5 5,2 5,0 4,7 

8 5,5 5,2 5,0 4,7 

9 5,5 5,2 5,0 4,7 

 

ʊʘʙʣʠʮʷ 2.11 ï ɺʽʜʥʦʩʥʘ ʩʢʣʘʜʥʽʩʪʴ ʘʣʛʦʨʠʪʤʫ Log Map ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ Max Log Map  

 q 

m 2 3 4 5 

2 1,8 1,7 1,7 1,6 

3 1,9 1,8 1,7 1,6 

4 1,9 1,8 1,7 1,7 

5 1,9 1,8 1,7 1,7 

6 1,9 1,8 1,7 1,7 

7 1,9 1,8 1,8 1,7 

8 1,9 1,8 1,8 1,7 

9 1,9 1,8 1,8 1,7 
 

ɺʨʘʭʦʚʫʶʯʠ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʩʢʣʘʜʥʦʩʪʽ ʨʝʘʣʽʟʘʮʽʾ 

ʘʣʛʦʨʠʪʤʽʚ ʜʝʢʦʜʫʚʘʥʥʷ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʫ ʧʦʜʘʣʴʰʦʤʫ ʧʨʠ 

ʨʦʟʨʦʙʮʽ ʚʽʜʧʦʚʽʜʥʠʭ ʤʝʪʦʜʽʚ ʘʣʛʦʨʠʪʤ Max Log Map.  

ɽʬʝʢʪ ʚʽʜ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ 

ʩʢʣʘʜʥʦʩʪʽ ʨʝʘʣʽʟʘʮʽʾ ʤʝʪʦʜʫ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʚ ɹɿʇɼ ʥʘ 

ʦʩʥʦʚʽ ʘʜʘʧʪʠʚʥʦʛʦ ʢʦʜʫʚʘʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʘʜʘʧʪʠʚʥʦʛʦ ʚʠʙʦʨʫ 

ʢʦʜʽʚ ʈʽʜʘ-ʉʦʣʦʤʦʥʘ, ɹʏʍ-ʢʦʜʽʚ ʪʘ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʪʫʨʙʦ ʢʦʜʽʚ ʜʣʷ 

ʟʘʜʘʥʦʾ ʡʤʦʚʽʨʥʦʩʪʽ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʜʦʟʚʦʣʠʣʠ ʟʘʙʝʟʧʝʯʠʪʠ ʟʘʜʘʥʫ 

ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʘʨʥʠʭ ʦʧʝʨʘʮʽʡ 

ʮʠʬʨʦʚʠʭ ʩʠʛʥʘʣʴʥʠʭ ʧʨʦʮʝʩʦʨʽʚ ʧʨʠ ʮʠʬʨʦʚʽʡ ʦʙʨʦʙʮʽ ʢʦʜʦʚʘʥʠʭ ʜʘʥʠʭ ʥʘ 39-

46 % ʫ ʚʠʧʘʜʢʫ ʚʧʣʠʚʫ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʥʘʚʤʠʩʥʠʭ ʟʘʚʘʜ ʧʨʠ ʟʤʽʥʽ ʚʽʜʥʦʰʝʥʥʷ 

ʩʠʛʥʘʣ-ʟʘʚʘʜʘ ʟ 6 ʜʦ 1 ʜɹ.  
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ɺʠʩʥʦʚʢʠ ʟʘ ʨʦʟʜʽʣʦʤ 2 

 

1. ɼʦ ʥʦʚʦʛʦ ʥʘʫʢʦʚʦʛʦ ʨʝʟʫʣʴʪʘʪʫ, ʦʜʝʨʞʘʥʦʛʦ ʫ ʮʴʦʤʫ ʨʦʟʜʽʣʽ 

ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ, ʚʽʜʥʦʩʠʪʴʩʷ: 

ɺʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʚ 

ɹɿʇɼ ʥʘ ʦʩʥʦʚʽ ʘʜʘʧʪʘʮʽʾ ʨʽʟʥʠʭ ʢʦʜʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ.  

ʉʫʪʥʽʩʪʴ ʤʝʪʦʜʫ ʧʦʣʷʛʘʻ ʫ ʢʦʤʙʽʥʦʚʘʥʽʡ ʘʜʘʧʪʘʮʽʾ ʨʽʟʥʠʭ ʟʘʚʘʜʦʩʪʽʡʢʠʭ 

ʢʦʜʽʚ ʥʘ ʦʩʥʦʚʽ ʢʦʜʽʚ ʈʽʜʘ-ʉʦʣʦʤʦʥʘ, ɹʏʍ-ʢʦʜʽʚ ʪʘ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʪʫʨʙʦ 

ʢʦʜʽʚ ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʟʤʝʥʰʝʥʥʷ ʧʨʠ ʮʴʦʤʫ 

ʩʢʣʘʜʥʦʩʪʽ ʨʝʘʣʽʟʘʮʽʾ ʧʨʠʩʪʨʦʾʚ ʢʦʜʫʚʘʥʥʷ/ʜʝʢʦʜʫʚʘʥʥʷ. 

2. ɺʽʜʤʽʥʥʽʩʪʴ ʨʦʟʨʦʙʣʝʥʦʛʦ ʤʝʪʦʜʫ ʚʽʜ ʽʩʥʫʶʯʠʭ, ʱʦ ʚʠʟʥʘʯʘʻ ʡʦʛʦ 

ʥʦʚʠʟʥʫ, ʧʦʣʷʛʘʻ ʚ ʟʘʩʪʦʩʫʚʘʥʥʽ ʨʽʟʥʠʭ ʟʘ ʩʪʨʫʢʪʫʨʦʶ ʟʘʚʘʜʦʩʪʽʡʢʠʭ ʢʦʜʽʚ, ʚʽʜ 

ʙʽʣʴʰ ʧʨʦʩʪʠʭ ʜʦ ʙʽʣʴʰ ʩʢʣʘʜʥʠʭ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ-ʰʫʤ ʚ 

ʢʘʥʘʣʽ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʜʘʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʦʩʪʦʚʽʨʥʦʩʪʽ 

ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʩʧʨʦʱʝʥʥʷ ʚʘʨʽʘʥʪʽʚ ʩʠʥʪʝʟʫ ʤʦʜʝʣʝʡ ɹɿʇɼ, ʦʩʦʙʣʠʚʦ ʟʘ ʫʤʦʚ 

ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʥʘʚʤʠʩʥʠʭ ʟʘʚʘʜ. 

3. ɽʬʝʢʪ ʚʽʜ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ 

ʩʢʣʘʜʥʦʩʪʽ ʨʝʘʣʽʟʘʮʽʾ ʤʝʪʦʜʫ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʚ ɹɿʇɼ ʥʘ 

ʦʩʥʦʚʽ ʘʜʘʧʪʠʚʥʦʛʦ ʢʦʜʫʚʘʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʘʜʘʧʪʠʚʥʦʛʦ ʚʠʙʦʨʫ 

ʢʦʜʽʚ ʈʽʜʘ-ʉʦʣʦʤʦʥʘ, ɹʏʍ-ʢʦʜʽʚ ʪʘ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʪʫʨʙʦ ʢʦʜʽʚ ʜʣʷ 

ʟʘʜʘʥʦʾ ʡʤʦʚʽʨʥʦʩʪʽ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʜʦʟʚʦʣʠʣʠ ʟʘʙʝʟʧʝʯʠʪʠ ʟʘʜʘʥʫ 

ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʘʨʥʠʭ ʦʧʝʨʘʮʽʡ 

ʮʠʬʨʦʚʠʭ ʩʠʛʥʘʣʴʥʠʭ ʧʨʦʮʝʩʦʨʽʚ ʧʨʠ ʮʠʬʨʦʚʽʡ ʦʙʨʦʙʮʽ ʢʦʜʦʚʘʥʠʭ ʜʘʥʠʭ ʥʘ 39-

46 % ʫ ʚʠʧʘʜʢʫ ʚʧʣʠʚʫ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʥʘʚʤʠʩʥʠʭ ʟʘʚʘʜ ʧʨʠ ʟʤʽʥʽ ʚʽʜʥʦʰʝʥʥʷ 

ʩʠʛʥʘʣ-ʟʘʚʘʜʘ ʟ 6 ʜʦ 1 ʜɹ.    

ʆʩʥʦʚʥʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ, ʦʪʨʠʤʘʥʽ ʚ ʮʴʦʤʫ ʨʦʟʜʽʣʽ, ʦʧʫʙʣʽʢʦʚʘʥʽ ʫ 

ʩʪʘʪʪʷʭ [57, 59, 61, 62], ʫ ʪʝʟʘʭ ʜʦʧʦʚʽʜʝʡ ʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ 

[65]. 
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ʈʆɿɼɯʃ 3. ʆɹʏʀʉʃʖɺɸʃʔʅʀʁ ʄɽʊʆɼ ʅɽʏɯʊʂʆɻʆ ɼɽʂʆɼʋɺɸʅʅʗ 

ɹɸɻɸʊʆʂʆʄʇʆʅɽʅʊʅʀʍ ʊʋʈɹʆ ʂʆɼɯɺ ɺ ɹɽɿʇʈʆɺʆɼʆɺʀʍ ɿɸʉʆɹɸʍ 

ʇɽʈɽɼɸʏɯ ɼɸʅʀʍ 

 

3.1. ɸʥʘʣʽʟ ʦʩʥʦʚʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʜʝʢʦʜʫʚʘʥʥʷ ʪʫʨʙʦ ʢʦʜʽʚ 

 

ʈʦʟʛʣʷʥʝʤʦ ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ɹɿʇɼ ʫ ʢʘʥʘʣʽ ʽʟ 

ʬʣʫʢʪʫʘʮʽʡʥʠʤ ʰʫʤʦʤ ʽ ʟʘʚʘʜʘʤʠ.    

ʅʘ ʨʠʩ. 3.1 ʜʞʝʨʝʣʦ ʜʘʥʠʭ ʚʠʨʦʙʣʷʻ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʙʽʪ {}iuU = , Ni ,1Í  (ʜʝ 

N ï ʨʦʟʤʽʨ ʧʦʩʣʽʜʦʚʥʦʩʪʽ), ʱʦ ʥʘʜʭʦʜʠʪʴ ʥʘ ʢʦʜʝʨ ʊʂ [53].  
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ʈʠʩ. 3.1. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ɹɿʇɼ ʫ ʢʘʥʘʣʽ ʽʟ ʬʣʫʢʪʫʘʮʽʡʥʠʤ 

ʰʫʤʦʤ ʽ ʟʘʚʘʜʘʤʠ 
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ʂʦʜʝʨ ʊʂ ʛʝʥʝʨʫʻ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʢʦʜʦʚʘʥʠʭ ʩʠʤʚʦʣʽʚ {}jxX = , Wj ,1Í  (ʜʝ 

W ï ʨʦʟʤʽʨ ʧʦʩʣʽʜʦʚʥʦʩʪʽ). ʋ ʤʦʜʫʣʷʪʦʨʽ ʥʠʟʴʢʠʭ ʯʘʩʪʦʪ (ʅʏ) ʧʦʩʣʽʜʦʚʥʽʩʪʴ X  

ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʢʘʥʘʣʴʥʠʭ ʩʠʤʚʦʣʽʚ { }
tmnxX =

*

, Kt ,1Í , Mm ,1Í , 

2,1Ín  (ʜʝ K  ï ʨʦʟʤʽʨ ʧʦʩʣʽʜʦʚʥʦʩʪʽ, M  ï ʨʦʟʤʽʨ ʩʠʛʥʘʣʴʥʦʛʦ ʩʫʟʽʨ'ʷ ʤʝʪʦʜʫ 

ʤʦʜʫʣʷʮʽʾ) (ʩʠʥʬʘʟʥʽ ʪʘ ʢʚʘʜʨʘʪʫʨʥʽ ʩʢʣʘʜʦʚʽ ʥʝʧʝʨʝʨʚʥʦʛʦ ʩʠʛʥʘʣʫ). ʋ 

ʤʦʜʫʣʷʪʦʨʽ ʚʠʩʦʢʦʾ ʯʘʩʪʦʪʠ (ɺʏ) ʧʦʩʣʽʜʦʚʥʽʩʪʴ 
*

X  ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ 

ʥʝʧʝʨʝʨʚʥʠʡ ʩʠʛʥʘʣ ()tX . ʇʝʨʝʙʫʜʦʚʘ ʯʘʩʪʦʪʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʠʥʪʝʟʘʪʦʨʘ ʯʘʩʪʦʪ ʽ ʛʝʥʝʨʘʪʦʨʘ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ (ɻʇɺʇ) ʫ 

ʤʦʜʫʣʷʪʦʨʽ ʇʇʈʏ. ɺ ʨʝʟʫʣʴʪʘʪ ̔ʩʠʛʥʘʣ ()tX  ʧʝʨʝʪʚʦʨʶʪ̒ʴʩʷ ʚ ()tZ* . ʋ ʢʘʥʘʣʽ 

ʟʚ'ʷʟʢʫ ʥʘ ʩʠʛʥʘʣ ()tZ*  ʚʧʣʠʚʘʶʪʴ ʬʣʫʢʪʫʘʮʽʡʥʠʡ ʰʫʤ ʽ ʟʘʚʘʜʠ. ʇʨʠʡʥʷʪʠʡ 

ʩʠʛʥʘʣ ()tZ **  ʟ ʚʠʭʦʜʫ ʧʨʠʡʤʘʯʘ ʥʘʜʭʦʜʠʪʴ ʥʘ ʜʝʤʦʜʫʣʷʪʦʨ ʇʇʈʏ, ʫ ʷʢʦʤʫ ʟʘ 

ʨʘʭʫʥʦʢ ʩʠʥʪʝʟʘʪʦʨʘ ʯʘʩʪʦʪʠ, ʢʝʨʦʚʘʥʦʛʦ ɻʇɺʇ, ʫʩʫʚʘʶʪʴʩʷ ʩʪʨʠʙʢʠ ʨʦʙʦʯʦʾ 

ʯʘʩʪʦʪʠ ʽ ʩʠʛʥʘʣ ()tZ **  ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ()tY . ɼʘʣ̔ ʩʠʛʥʘʣ ʜʝʤʦʜʫʣʶʻʪʴʩʷ i 

ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʩʠʥʬʘʟʥʠʭ ʪʘ ʢʚʘʜʨʘʪʫʨʥʠʭ ʩʢʣʘʜʦʚʠʭ { }kyY =
*

, 

Kk ,1Í . ʎʷ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʧʽʩʣʷ ʧʨʠʩʪʨʦʶ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʠʥʬʘʟʥʦʾ i 

ʢʚʘʜʨʘʪʫʨʥʦʾ ʩʢʣʘʜʦʚʦʾ ʫ ʚʠʛʣʷʜʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ Y  ʥʘʜʭʦʜʠʪʴ ʥʘ ʤʦʜʫʣʴ ʦʮʽʥʢʠ 

ʢʘʥʘʣʫ ʟʚ'ʷʟʢʫ, ʱʦ ʚʠʨʦʙʣʷʻ ʚʝʢʪʦʨ Z, ʽ ʽʪʝʨʘʪʠʚʥʠʡ ʜʝʢʦʜʝʨ ʊʂ. ʄʦʜʫʣʴ 

ʚʠʟʥʘʯʝʥʥʷ ʧʦʪʦʯʥʦʾ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʚʝʢʪʦʨʘ Z  ʬʦʨʤʫʻ 

ʚʝʢʪʦʨ 
*

F. ʄʦʜʫʣʴ ʟʘʜʘʥʦʾ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʬʦʨʤʫʻ ʚʝʢʪʦʨ F.  ʄʦʜʫʣʴ 

ʢʨʠʪʝʨʽʘʣʴʥʦʾ ʦʮʽʥʢʠ ʥʘ ʧʽʜʩʪʘʚʽ ʟʥʘʯʝʥʴ ʝʣʝʤʝʥʪʽʚ ʚʝʢʪʦʨʘ 
*

F  ʪʘ F ʬʦʨʤʫʻ 

ʢʨʠʪʝʨʽʡ K. ʋ ʤʦʜʫʣʽ ʘʜʘʧʪʘʮʽʾ ʘʥʘʣʽʟʫʶʪʴʩʷ ʚʝʢʪʦʨʠ K  ʪʘ Z, ʫ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ 

ʬʦʨʤʫʶʪʴʩʷ ʚʝʢʪʦʨ ʦʧʪʠʤʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʊʂ 
*

P . ɿʘ ʟʥʘʯʝʥʥʷʤ ʝʣʝʤʝʥʪʽʚ 

ʮʴʦʛʦ ʚʝʢʪʦʨʘ, ʷʢʱʦ ʙʫʜʝ ʧʦʪʨʝʙʘ, ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʝʨʝʙʫʜʦʚʘ ʜʝʢʦʜʝʨʘ ʊʂ, 

ʪʘʢʦʞ ʟʥʘʯʝʥʥʷ ʮʴʦʛʦ ʚʝʢʪʦʨʘ ʧʦ ʢʘʥʘʣʫ ʟʚʦʨʦʪʥʴʦʛʦ ʟʚ'ʷʟʢʫ ʧʝʨʝʜʘʻʪʴʩʷ ʥʘ 

ʧʨʦʪʠʣʝʞʥʫ ɹɿʇɼ ʟ ʤʝʪʦʶ ʚʽʜʧʦʚʽʜʥʦʾ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʢʦʜʝʨʘ.  

ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʢʘʥʘʣ ʟʚ'ʷʟʢʫ ʛʘʫʩʽʚʩʴʢʠʡ ʽ ʤʘʻ ʽʜʝʘʣʴʥʫ ʽʤʧʫʣʴʩʥʫ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ () 1=thc , ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʩʠʛʥʘʣ ʩʧʦʪʚʦʨʶʻʪʴʩʷ ʪʽʣʴʢʠ 

ʧʨʠʩʫʪʥʽʩʪʶ ʬʣʫʢʪʫʘʮʽʡʥʠʭ ʰʫʤʽʚ ʽ ʥʘʚʤʠʩʥʠʭ ʟʘʚʘʜ. ɺʚʘʞʘʻʪʴʩʷ, ʱʦ ʰʫʤ ʽ 
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ʟʘʚʘʜʠ ʻ ʚʠʧʘʜʢʦʚʠʤʠ ʛʘʫʩʽʚʩʴʢʠʤʠ ʧʨʦʮʝʩʘʤʠ, ʘ ʜʝʤʦʜʫʣʷʪʦʨ ï ʢʣʘʩʠʯʥʠʡ 

ʢʚʘʜʨʘʪʫʨʥʠʡ ʙʝʟ ʩʭʝʤʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ, ʫ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʥʘ ʚʭʽʜ ʜʝʢʦʜʝʨʘ 

ʥʘʜʭʦʜʠʪʴ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʟ ʥʝʩʢʽʥʯʝʥʠʤ ʨʽʚʥʝʤ ʢʚʘʥʪʫʚʘʥʥʷ. ʊʘʢʦʞ 

ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʽʜʝʘʣʴʥʘ ʩʠʥʭʨʦʥʽʟʘʮʽʷ ʝʪʘʣʦʥʥʠʭ ʯʘʩʪʦʪ ʟ ʥʝʩʫʯʦʶ ʧʦ ʯʘʩʪʦʪʽ 

ʪʘ ʬʘʟʽ, ʩʠʤʚʦʣʴʥʘ ʩʠʥʭʨʦʥʽʟʘʮʽʷ, ʢʘʜʨʦʚʘ ʪʘ ʤʝʨʝʞʝʚʘ ʩʠʥʭʨʦʥʽʟʘʮʽʾ, ʘ ʪʘʢʦʞ 

ʚʽʜʩʫʪʥʽʩʪʴ ʤʝʞʩʠʤʚʦʣʴʥʦʾ ʽʥʪʝʨʬʝʨʝʥʮʽʾ, ʪʘ ʪʝ, ʱʦ ʽʥʬʦʨʤʘʮʽʷ, ʧʝʨʝʜʘʥʘ ʧʦ 

ʢʘʥʘʣʫ ʟʚʦʨʦʪʥʴʦʛʦ ʟʚ'ʷʟʢʫ ʟʘʚʘʜʘʤʠ ʥʝ ʩʧʦʪʚʦʨʶʻʪʴʩʷ. 

ʋ ʨʦʙʦʪʽ ʧʨʠʡʤʘʻʪʴʩʷ, ʱʦ M-ʘʨʥʽ ʩʠʛʥʘʣʠ, (){ } () MmtXtxm ,,2,1, >=Í , ʻ 

ʦʙʤʝʞʝʥʠʤʠ ʧʦ ʩʧʝʢʪʨʫ ʽʟ ʪʨʠʚʘʣʽʩʪʶ ʩʠʤʚʦʣʫ T. 

ɼʦʚʽʣʴʥʠʡ ʥʘʙʽʨ ʢʽʥʮʝʚʠʭ ʩʠʛʥʘʣʽʚ (){ }txm , Mm >,1= , ʚʠʨʘʞʘʻʪʴʩʷ 

ʣʽʥʽʡʥʦʶ ʢʦʤʙʽʥʘʮʽʻʶ N ʦʨʪʦʛʦʥʘʣʴʥʠʭ ʩʠʛʥʘʣʽʚ () () ()ttt N21 ,,, yyy >  [12]: 

() ()ä
N

=

y=
1n

nmnm txtx , (3.1) 

ʜʝ Mm >,1= , mnx  ï ʢʦʝʬʽʮʽʻʥʪ ʧʨʠ ()tny  ʨʦʟʢʣʘʜʘʥʥʷ ʩʠʛʥʘʣʫ ʧʦ ʙʘʟʠʩʥʠʭ 

ʬʫʥʢʮʽʷʭ (ʢʦʝʬʽʮʽʻʥʪ ʦʨʪʦʥʦʨʤʦʚʘʥʦʛʦ ʨʦʟʢʣʘʜʘʥʥʷ ʘʙʦ ʧʨʦʝʢʮʽʷ ʩʠʛʥʘʣʫ ()txm  

ʥʘ ʙʘʟʠʩ ()tny ). ʉʠʛʥʘʣ ()txm  ʥʘʟʠʚʘʻʪʴʩʷ ʨʝʘʣʽʟʘʮʽʻʶ m-ʛʦ ʩʠʛʥʘʣʫ ʚ ʤʦʤʝʥʪ 

ʯʘʩʫ t, m ï ʥʦʤʝʨ M-ʘʨʥʦʛʦ ʩʠʤʚʦʣʫ. 

ɼʣʷ ʢʦʛʝʨʝʥʪʥʠʭ M-ʧʦʟʠʮʽʡʥʠʭ ʩʭʝʤ ʌʄ ʩʠʛʥʘʣ () ö
÷

õ
æ
ç

å p
-w=

M

m
t

T

E
tx s

m

2
cos

2
0

, Tt¢¢0 , Mm >,1= , sE  - ʝʥʝʨʛʽʷ ʩʠʛʥʘʣʫ, 0w  ï ʥʝʩʫʯʘ ʯʘʩʪʦʪʘ, ʊ ï ʯʘʩ ʧʝʨʝʜʘʯʽ 

ʩʠʤʚʦʣʫ, ʄ  ï ʨʦʟʤʽʨʥʽʩʪʴ ʩʠʛʥʘʣʴʥʦʛʦ ʧʨʦʩʪʦʨʫ [12].  

ʇʨʠʧʫʩʢʘʶʯʠ ʧʨʦʩʪʽʨ ʦʨʪʦʥʦʨʤʦʚʘʥʠʤ ʽ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ (3.1), 

ʧʨʝʜʩʪʘʚʠʤʦ ʩʠʛʥʘʣ ()txm  ʄ-ʧʦʟʠʮʽʡʥʦʾ ʌʄ ʫ ʚʠʛʣʷʜʽ: 

() () () () ()t
M

m
Et

M

m
Etxtxtx ssmmm 212211

2
sin

2
cos yö

÷

õ
æ
ç

åp
+yö

÷

õ
æ
ç

åp
=y+y= , (3.2) 

Mm >,1= , () t
T

t 01 cos
2

w=y , () ts
T

t 02 in
2
w=y . ö

÷

õ
æ
ç

åp
=

M

m
Ex sm

2
cos1 , 

ö
÷

õ
æ
ç

åp
=

M

m
Ex sm

2
sin2  ʻ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʦʨʪʦʥʦʨʤʦʚʘʥʦʛʦ ʨʦʟʢʣʘʜʘʥʥʷ ʩʠʛʥʘʣʫ ()txm  

ʚ 2-ʤʽʨʥʦʤʫ ɽʚʢʣʽʜʦʚʦʤʫ ʧʨʦʩʪʦʨʽ. 
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ɺʽʜʧʦʚʽʜʥʦ ()txi : 

() () () () ()t
M

i
Et

M

i
Etxtxtx ssiii 212211

2
sin

2
cos yö

÷

õ
æ
ç

åp
+yö

÷

õ
æ
ç

åp
=y+y= . (3.3) 

ʇʽʩʣʷ ʤʦʜʫʣʷʪʦʨʘ ʇʇʈʏ ʩʠʛʥʘʣ () ö
÷

õ
æ
ç

å p
-=

M

m
t

T

E
tx s

m

2
cos

2
0 , Tt¢¢0 , Mm >,1= , 

ʧʝʨʝʪʚʦʨʠʪʴʩʷ ʚ () ( ) ö
÷

õ
æ
ç

å p
-+=*

M

m
t

T

E
tz k

s 2
cos

2
0 , () ()tZtz ** Í , ʜʝ k  ï ʯʘʩʪʦʪʘ, 

ʚʠʨʦʙʣʝʥʘ ʩʠʥʪʝʟʘʪʦʨʦʤ ʯʘʩʪʦʪ ʟʘ ʜʦʧʦʤʦʛʦʶ ɻʇɺʇ [12]. ʇʽʩʣʷ ʧʨʦʭʦʜʞʝʥʥʷ 

ʢʘʥʘʣʫ ʟʚ'ʷʟʢʫ ʩʠʛʥʘʣ ʥʘ ʚʭʦʜʽ ʜʝʤʦʜʫʣʷʪʦʨʘ ʇʇʈʏ ʙʫʜʝ ʤʘʪʠ ʚʠʛʣʷʜ: 

() ( ) () ()tjtn
M

m
t

T

E
tz k

s ++ö
÷

õ
æ
ç

å p
-w+w=** 2

cos
2

0 , () ()tZtz **** Í . ʇʽʩʣʷ ʫʩʫʥʝʥʥʷ ʩʪʨʠʙʢʽʚ 

ʯʘʩʪʦʪʠ ()tz **  ʧʝʨʝʪʚʦʨʠʪʴʩʷ ʚ () () ()tjtn
M

m
t

T

E
ty s ++ö

÷

õ
æ
ç

å p
-w=

2
cos

2
0 , () ()tYty Í , ʜʝ 

()tn  ï ʧʨʦʮʝʩ ʬʣʫʢʪʫʘʮʽʡʥʦʛʦ ʰʫʤʫ, ()tj  ï ʧʨʦʮʝʩ ʥʘʚʤʠʩʥʦʾ ʟʘʚʘʜʠ.   

ɺʽʜʧʦʚʽʜʥʦ ʜʦ (3.3) () ()txtX ms 11y= , () ()txtX mc 22y= , () () ()tXtXtx csm += . 

ʅʘ ʨʠʩ. 3.1 ʰʪʨʠʭ-ʧʫʥʢʪʠʨʥʦʶ ʣʽʥʽʻʶ ʚʠʜʽʣʝʥʠʡ ʜʠʩʢʨʝʪʥʦ-ʥʝʧʝʨʝʨʚʥʠʡ 

ʢʘʥʘʣ, ʷʢʠʡ ʤʦʞʝ ʙʫʪʠ ʟʘʤʽʥʝʥʠʡ ʚʝʢʪʦʨʥʦʶ ʤʦʜʝʣʣʶ [84-86]. 

ʈʦʟʛʣʷʜʘʻʪʴʩʷ ʜʠʩʢʨʝʪʥʦ-ʥʝʧʝʨʝʨʚʥʠʡ ʢʘʥʘʣ ʟ ʜʠʩʢʨʝʪʥʠʤ ʚʭʽʜʥʠʤ 

ʘʣʬʘʚʽʪʦʤ ʽ ʥʝʧʝʨʝʨʚʥʠʤ ʚʠʭʽʜʥʠʤ ʘʣʬʘʚʽʪʦʤ ʟ ʰʫʤʦʤ ʪʘ ʟʘʚʘʜʘʤʠ ʪʠʧʫ ɸɹɻʐ. 

ʋ ʢʘʥʘʣʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʩʠʤʚʦʣʴʥʝ ʜʦʜʘʚʘʥʥʷ ʩʠʥʬʘʟʥʠʭ ʪʘ ʢʚʘʜʨʘʪʫʨʥʠʭ 

ʩʢʣʘʜʦʚʠʭ ʩʠʛʥʘʣʽʚ ʟ ʚʠʙʽʨʢʘʤʠ ɸɹɻʐ (tn , j t) ʥʘ ʽʥʪʝʨʚʘʣʽ ʪʨʠʚʘʣʦʩʪʽ ʩʠʤʚʦʣʫ 

T. ɺʠʙʽʨʢʠ ɸɹɻʐ ï ʥʦʨʤʘʣʴʥʽ ʚʠʧʘʜʢʦʚʽ ʚʝʣʠʯʠʥʠ ʟ ʥʫʣʴʦʚʠʤ ʤʘʪʝʤʘʪʠʯʥʠʤ 

ʦʯʽʢʫʚʘʥʥʷʤ ʽ ʜʠʩʧʝʨʩʽʻʶ 
2

02 G
n =s  - ʜʣʷ ʬʣʫʢʪʫʘʮʽʡʥʦʛʦ ʰʫʤʫ, 

2

2 j

j

G
=s  - ʜʣʷ 

ʥʘʚʤʠʩʥʦʾ ʟʘʚʘʜʠ, ʜʝ 0G  - ʩʧʝʢʪʨʘʣʴʥʘ ʱʽʣʴʥʽʩʪʴ ʧʦʪʫʞʥʦʩʪʽ ʰʫʤʫ, jG  - 

ʩʧʝʢʪʨʘʣʴʥʘ ʱʽʣʴʥʽʩʪʴ ʧʦʪʫʞʥʦʩʪʽ ʟʘʚʘʜʠ. 

ɼʣʷ ʌʄ-2 ʩʠʤʚʦʣ ʥʘ ʚʠʭʦʜʽ ʜʠʩʢʨʝʪʥʦ-ʥʝʧʝʨʝʨʚʥʦʛʦ ʢʘʥʘʣʫ ʟʚ'ʷʟʢʫ ʙʫʜʝ 

ʤʘʪʠ ʚʠʛʣʷʜ (ʨʠʩ. 3.2): 

ʟ ʡʤʦʚʽʨʥʽʩʪʶ g=P  

tttjt jnxy ++= , 
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ʟ ʡʤʦʚʽʨʥʽʩʪʶ g-=- 11 P  

ttt nxy += . 

ɸʥʘʣʦʛʽʯʥʦ ʚʝʢʪʦʨʥʘ ʤʦʜʝʣʴ ʜʠʩʢʨʝʪʥʦ-ʥʝʧʝʨʝʨʚʥʦʛʦ ʢʘʥʘʣʫ ʟʚ'ʷʟʢʫ ʧʨʠ 

ʚʧʣʠʚʽ ʥʘ ʧʝʨʝʜʘʥʫ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ɿɺ ʜʣʷ ʤʦʜʫʣʷʮʽʾ ʌʄ-2 ʙʫʜʝ ʤʘʪʠ ʥʘʩʪʫʧʥʠʡ 

ʚʠʛʣʷʜ: 

( )( )( )tttttjt nxjnxy +g-+++g= 1 . 

 

 

 

 

 

 

 

ʅʘ ʨʠʩ. 3.3, 3.4 ʧʦʢʘʟʘʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʢʦʜʝʨʘ ʪʘ ʽʪʝʨʘʪʠʚʥʦʛʦ 

ʜʝʢʦʜʝʨʘ ʪʫʨʙʦ ʢʦʜʫ ʚʽʜʧʦʚʽʜʥʦ ʧʨʠ ʧʘʨʘʣʝʣʴʥʦʤʫ ʟ'ʻʜʥʘʥʥʽ ʜʚʦʭ ʈʉɿʂ.  

 

 

 

 

 

 

 

 

ʉʭʝʤʘ ʢʦʜʝʨʘ ʊʂ ʚʠʢʦʨʠʩʪʦʚʫʻ ʈʉɿʂ ʟʽ ʰʚʠʜʢʽʩʪʶ 1/n ʚʠʜʫ:  

( 0101 /,,/,1 gggg n->  ), ʜʝ 0g  - ʧʦʣʽʥʦʤʽʘʣʴʥʠʡ ʛʝʥʝʨʘʪʦʨ ʟʚʦʨʦʪʥʴʦʛʦ ʟʚ'ʷʟʢʫ, ʘ 

11 ,, -ngg >  - ʧʦʣʽʥʦʤʽʘʣʴʥʽ ʛʝʥʝʨʘʪʦʨʠ ʧʨʷʤʠʭ ʟʚ'ʷʟʢʽʚ. ʂʦʞʝʥ ʈʉɿʂ ʚʠʢʦʥʫʻ 

ʢʦʜʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʧʦ ʩʚʦʾʡ ˇʨʘʪʯʘʩʪʽʡ ʜʽʘʛʨʘʤʽ, ʩʪʨʫʢʪʫʨʘ 

ʷʢʦʾ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʣʽʥʦʤʽʘʣʴʥʠʭ ʛʝʥʝʨʘʪʦʨʽʚ ʈʉɿʂ [138]. 

ʋ ʤʦʜʝʣʽ ʢʦʜʝʢʘ ʊʂ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʡ, S-ʚʠʧʘʜʢʦʚʠʡ, 

ʙʣʦʢʦʚʠʡ ʽ ʜʽʘʛʦʥʘʣʴʥʠʡ ʧʝʨʝʤʝʞʫʚʘʯʽ/ʜʝʧʝʨʝʤʝʞʫʚʘʯʽ [71]. 

 

ʈʠʩ. 3.2. ʂʘʥʘʣ ʟ ʬʣʫʢʪʫʘʮʽʡʥʠʤ ʰʫʤʦʤ ʪʘ ʥʘʚʤʠʩʥʠʤʠ ʟʘʚʘʜʘʤʠ 
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ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʥʘ ʚʠʭʦʜʽ ʢʦʜʝʨʘ ʊʂ ʤʘʻ ʚʠʛʣʷʜ: ),(
ʇʉ

XXX = . ɼʝ UX =
C

 ï 

ʩʠʩʪʝʤʘʪʠʯʥʠʡ ʚʠʭʽʜ ʢʦʜʝʨʘ, ʘ ),(
ʇ2ʇ1ʇ

XXX =  ï ʧʝʨʝʚʽʨʦʯʥʠʡ ʚʠʭʽʜ ʢʦʜʝʨʘ ʊʂ. 

ʇʨʠ ʮʴʦʤʫ ),,(
ʇ1ʇ11ʇ1 v

XXX >=  ï ʧʝʨʝʚʽʨʦʯʥʠʡ ʚʠʭʽʜ ʈʉɿʂ 1, ),,(
ʇ2v12ʇ2ʇ

XXX >=  

ï ʧʝʨʝʚʽʨʦʯʥʠʡ ʚʠʭʽʜ ʈʉɿʂ 2, v ï ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʧʝʨʝʚʽʨʦʯʥʠʭ ʩʠʤʚʦʣʽʚ 

ʢʦʞʥʦʛʦ ʈʉɿʂ ʢʦʜʝʨʘ ʪʫʨʙʦ ʢʦʜʫ. 

ɼʝʤʦʜʫʣʴʦʚʘʥʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʩʠʤʚʦʣʽʚ ʧʦʜʘʻʪʴʩʷ ʥʘ ʜʝʢʦʜʝʨʠ 1 ʽ 2  

(ʨʠʩ. 3.4): ),(
ʇ1ʉ11

YLYLY cc=  ï ʜʣʷ ʜʝʢʦʜʝʨʘ 1, ʜʝ ),,(
ʇ1ʇ11ʇ1 v

YYY >= , cL  - 

ʧʘʨʘʤʝʪʨ ʢʘʥʘʣʴʥʦʾ ñʥʘʜʽʡʥʦʩʪʽò. ɺʽʜʧʦʚʽʜʥʦ ),(
2ʇ2ʉ2

YLYLY cc=  ï ʜʣʷ ʜʝʢʦʜʝʨʘ 
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2, ʜʝ ),,(
2ʇ12ʇ2ʇ v

YYY >= . 
C2CC1

, YYY =  ï ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʩʠʩʪʝʤʘʪʠʯʥʠʭ ʩʠʤʚʦʣʽʚ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʚʽʜʧʦʚʽʜʥʦʾ ʦʧʝʨʘʮʽʾ ʧʝʨʝʤʝʞʝʥʥʷ.  

ʈʦʟʛʣʷʜʘʻʪʴʩʷ ʪʘʢʪ ʨʦʙʦʪʠ ʚ ʤʦʤʝʥʪ ʯʘʩʫ t. 

ɼʽʡʩʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ñʤ'ʷʢʦʛʦò ʨʽʰʝʥʥʷ ʘʙʦ ʣʦʛʘʨʠʬʤʽʯʥʝ ʚʽʜʥʦʰʝʥʥʷ 

ʬʫʥʢʮʽʡ ʧʨʘʚʜʦʧʦʜʽʙʥʦʩʪʽ (ʃɺʌʇ) ʧʦʟʘ ʜʝʢʦʜʝʨʦʤ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʨʘʟʦʤ [12] 

)|()(
)1(

)1(
ln

)1|(

)1|(
ln)|( ttta

t

t

tt

tt

tt xyLxL
xP

xP

xyP

xyP
yxL +=

-=

+=
+

-=

+=
= , (3.4) 

ʜʝ )|( tt xyL  ï  ʃɺʌʇ ty , ʷʢʘ ʦʜʝʨʞʫʻʪʴʩʷ ʰʣʷʭʦʤ ʚʠʤʽʨʫ ty  ʥʘ ʚʠʭʦʜʽ ʢʘʥʘʣʫ 

ʧʨʠ ʯʝʨʛʫʚʘʥʥʽ ʫʤʦʚ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʧʝʨʝʜʘʥʠʡ 1+=tx  ʘʙʦ 1-=tx , ʘ )( ta xL  ï 

ʘʧʨʽʦʨʥʝ ʃɺʌʇ ʙʽʪʘ ʜʘʥʠʭ tx. ɼʣʷ ʩʧʨʦʱʝʥʥʷ ʧʦʟʥʘʯʝʥʴ ʨʽʚʥʷʥʥʷ (3.4) ʤʦʞʝ 

ʙʫʪʠ ʧʝʨʝʧʠʩʘʥʝ ʪʘʢʠʤ ʯʠʥʦʤ [12]: 

)()()( tatct xLyLxL +=¡ . (3.5) 

ʊʫʪ )( tc yL  ʦʟʥʘʯʘʻ, ʱʦ ʯʣʝʥ ʃɺʌʇ ʚʠʭʦʜʠʪʴ ʫ ʨʝʟʫʣʴʪʘʪʽ ʢʘʥʘʣʴʥʠʭ 

ʚʠʤʽʨʽʚ, ʟʨʦʙʣʝʥʠʭ ʫ ʧʨʠʡʤʘʯʽ. ɼʣʷ ʩʠʩʪʝʤʘʪʠʯʥʠʭ ʢʦʜʽʚ ʃɺʌʇ ʥʘ ʚʠʭʦʜʽ 

ʜʝʢʦʜʝʨʘ ʜʦʨʽʚʥʶʻ ʥʘʩʪʫʧʥʦʤʫ [12]: 

)()()( tett xLxLxL +¡= . (3.6) 

ʋ ʮʴʦʤʫ ʚʠʨʘʟʽ )( txL¡  ï ʃɺʌʇ ʧʦʟʘ ʜʝʤʦʜʫʣʷʪʦʨʦʤ (ʥʘ ʚʭʦʜʽ ʜʝʢʦʜʝʨʘ), ʘ 

)( te xL  ï ñʟʦʚʥʽʰʥʻò ʃɺʌʇ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ ʟʦʚʥʽʰʥʶ ʽʥʬʦʨʤʘʮʽʶ, ʱʦ ʚʠʧʣʠʚʘʻ 

ʽʟ ʧʨʦʮʝʩʫ ʜʝʢʦʜʫʚʘʥʥʷ. ɿ ʨʽʚʥʷʥʴ (3.5) ʽ (3.6) ʚʠʭʽʜʥʝ ʃɺʌʇ ʜʝʢʦʜʝʨʘ ʧʨʠʡʤʝ 

ʚʠʜ: 

)()()()( tetatct xLxLyLxL ++= . (3.7) 

ɿʥʘʢ )( txL  ʻ ʪʚʝʨʜʠʤ ʨʽʰʝʥʥʷʤ ʧʨʦ ʩʠʤʚʦʣ tx, ʘ ʤʦʜʫʣʴ |)(| txL  ï ʩʪʫʧʝʥʝʤ 

ʥʘʜʽʡʥʦʩʪʽ (ʧʨʘʚʜʦʧʦʜʽʙʥʦʩʪʽ) ʮʴʦʛʦ ʨʽʰʝʥʥʷ. 

ɼʝʢʦʜʝʨ 1 ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟʽ ʩʚʦʾʤ ʘʣʛʦʨʠʪʤʦʤ ʚʠʨʦʙʣʷʻ ñʤ'ʷʢʽò ʨʽʰʝʥʥʷ 

ʧʨʦ ʜʝʢʦʜʦʚʘʥʽ ʩʠʤʚʦʣʠ (ʚʠʭʽʜʥʝ ʃɺʌʇ), ʷʢʽ ʩʢʣʘʜʘʶʪʴʩʷ ʽʟ ʪʨʴʦʭ ʯʘʩʪʠʥ [139-

144]: 

)()()( C1C1C1C1

tetatct xLxLyLxL ++Ö= , (3.8) 

ʜʝ Ctx  ï ʩʠʩʪʝʤʘʪʠʯʥʠʡ ʩʠʤʚʦʣ ʢʦʜʝʨʘ ʊʂ. 
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ʇʨʠ ʮʴʦʤʫ ñʟʦʚʥʽʰʥʷò ʽʥʬʦʨʤʘʮʽʷ ʜʝʢʦʜʝʨʘ 1 ʧʨʦ ʩʠʤʚʦʣ C

tx , ʱʦ ʻ 

ʘʧʨʽʦʨʥʦʶ ʜʣʷ ʜʝʢʦʜʝʨʘ 2 (ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʧʝʨʘʮʽʾ ʧʝʨʝʤʝʞʽʥʥʷ), ʧʨʠʡʤʝ ʚʠʜ 

[140]: 

C1C1C1C2C1 )()()()( tctattate yLxLxLxLxL Ö--== . (3.9) 

ɼʨʫʛʠʡ ʝʣʝʤʝʥʪʘʨʥʠʡ ʜʝʢʦʜʝʨ, ʦʜʝʨʞʘʚʰʠ ʘʧʨʽʦʨʥʽ ʚʽʜʦʤʦʩʪʽ ʧʨʦ 

ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʤʚʦʣʠ, ʨʦʙʠʪʴ ʘʥʘʣʦʛʽʯʥʽ ʦʙʯʠʩʣʝʥʥʷ, ʚʠʟʥʘʯʘʶʯʠ ʩʚʦʶ 

ñʟʦʚʥʽʰʥʶò ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʩʠʤʚʦʣ C

tx  [140]: 

C2C2C2C1C2 )()()()( tctattate yLxLxLxLxL Ö--== , (3.10) 

ʷʢʘ ʥʘʜʭʦʜʠʪʴ ʥʘ ʚʭʽʜ ʜʝʢʦʜʝʨʘ 1 ʥʘʩʪʫʧʥʦʾ ʽʪʝʨʘʮʽʾ ʜʝʢʦʜʫʚʘʥʥʷ.  

ʇʽʩʣʷ ʚʠʢʦʥʘʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʢʽʣʴʢʦʩʪʽ ʽʪʝʨʘʮʽʡ ʘʙʦ ʫ ʚʠʧʘʜʢʫ ʧʨʠʤʫʩʦʚʦʾ 

ʟʫʧʠʥʢʠ ʽʪʝʨʘʪʠʚʥʦʾ ʧʨʦʮʝʜʫʨʠ ʜʝʢʦʜʫʚʘʥʥʷ, ʚʠʥʦʩʷʪʴʩʷ ʨʽʰʝʥʥʷ ʧʨʦ 

ʜʝʢʦʜʦʚʘʥʽ ʩʠʤʚʦʣʠ: 

í
ì
ë

<

²
=

0)(ʷʢʱʦ,0

0)(ʷʢʱʦ,1
C

C

C

t

t

t
xL

xL
x .  

ʗʢ ʚʽʜʦʤʦ [139], ʜʝʢʦʜʫʚʘʥʥʷ ʩʠʤʚʦʣʽʚ ʊʂ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦ ˇʨʘʪʯʘʩʪʽʡ 

ʜʽʘʛʨʘʤʽ ʚʽʜʧʦʚʽʜʥʦʛʦ ʈʉɿʂ, ʧʨʠ ʮʴʦʤʫ ʦʙʯʠʩʣʶʻʪʴʩʷ ʧʝʨʝʭʽʜʥʘ ʨʝʢʫʨʩʽʷ, ʧʨʷʤʘ 

ʨʝʢʫʨʩʽʷ, ʟʚʦʨʦʪʥʘ ʨʝʢʫʨʩʽʷ, ʃɺʌʇ ʥʘ ʚʠʭʦʜʽ ʜʝʢʦʜʝʨʘ ʪʘ ʧʘʨʘʤʝʪʨ 

ñʟʦʚʥʽʰʥʴʦʾò ʽʥʬʦʨʤʘʮʽʾ. ʈʦʟʛʣʷʥʝʤʦ ʦʩʦʙʣʠʚʦʩʪʽ ʦʙʯʠʩʣʝʥʥʷ ʚʠʭʽʜʥʦʛʦ ʃɺʌʇ 

ʜʣʷ ʜʝʢʦʜʝʨʘ 2, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʘʣʛʦʨʠʪʤ ʜʝʢʦʜʫʚʘʥʥʷ Map, ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʚʧʣʠʚʫ ʬʣʫʢʪʫʘʮʽʡʥʠʭ ʰʫʤʽʚ ʽ ʥʘʚʤʠʩʥʠʭ ʟʘʚʘʜ ʥʘ ʧʝʨʝʜʘʥʽ ʩʠʤʚʦʣʠ. 

ʇʦʟʥʘʯʠʤʦ ʧʦʧʝʨʝʜʥʽʡ ʩʪʘʥ ˇʨʘʪʯʘʩʪʦʾ ʜʽʘʛʨʘʤʠ sSt
¡=-1 , ʘ ʧʦʪʦʯʥʠʡ sSt = . 

ʅʘ ʨʠʩ. 3.5 ʧʦʢʘʟʘʥʠʡ ʧʨʠʢʣʘʜ ˇʨʘʪʯʘʩʪʦʾ ʜʽʘʛʨʘʤʠ ʜʣʷ ʈʉɿʂ ʚʠʜʫ (1, 7/5). 

ɼʣʷ ʢʦʞʥʦʛʦ ʧʝʨʝʭʦʜʫ ˇʨʘʪʯʘʩʪʦʾ ʜʽʘʛʨʘʤʠ ʦʙʯʠʩʣʶʻʪʴʩʷ ʧʝʨʝʭʽʜʥʘ 

ʨʝʢʫʨʩʽʷ ),( sst
¡g  ʟʽ ʩʪʘʥʫ s¡ ʚ ʩʪʘʥ s ʧʦ ʬʦʨʤʫʣʽ [139]: 

( ) ù
ú

ø
é
ê

è
ö
÷

õ
æ
ç

å
ÖÖ+Ö+ÖÖ¡g ä

=

v

i

i

t

i

tctctatt xyLyLxLxss
1

2ʇ2ʇCʉ2C )(
2

1
exp~),( ,  

ʜʝ ),1(,, 2ʇC vixx i

tt Í  - ʚʽʜʧʦʚʽʜʥʦ ʩʠʩʪʝʤʘʪʠʯʥʠʡ ʩʠʤʚʦʣ ʢʦʜʝʨʘ ʊʂ ʽ ʧʝʨʝʚʽʨʦʯʥʽ 

ʩʠʤʚʦʣʠ ʈʉɿʂ 2 ʜʦ ʧʨʦʭʦʜʞʝʥʥʷ ʢʘʥʘʣʫ ʽʟ ʬʣʫʢʪʫʘʮʽʡʥʠʤ ʰʫʤʦʤ ʽ 

ʥʘʚʤʠʩʥʠʤʠ ʟʘʚʘʜʘʤʠ; ),1(,, 2ʇC viyy i

tt Í  - ʩʠʩʪʝʤʘʪʠʯʥʠʡ ʩʠʤʚʦʣ ʢʦʜʝʨʘ ʊʂ ʽ 
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ʧʝʨʝʚʽʨʦʯʥʽ ʩʠʤʚʦʣʠ ʈʉɿʂ 2 ʧʽʩʣʷ ʧʨʦʭʦʜʞʝʥʥʷ ʢʘʥʘʣʫ ʽʟ ʬʣʫʢʪʫʘʮʽʡʥʠʤ 

ʰʫʤʦʤ ʽ ʥʘʚʤʠʩʥʠʤʠ ʟʘʚʘʜʘʤʠ; )( ʉ2

ta xL  - ʘʧʨʽʦʨʥʘ ʽʥʬʦʨʤʘʮʽʷ ʜʨʫʛʦʛʦ ʜʝʢʦʜʝʨʘ; 

cL  - ʧʘʨʘʤʝʪʨ ʢʘʥʘʣʴʥʦʾ ñʥʘʜʽʡʥʦʩʪʽò; v ï ʢʽʣʴʢʽʩʪʴ ʧʝʨʝʚʽʨʦʯʥʠʭ ʩʠʤʚʦʣʽʚ 

ʈʉɿʂ, v = q - 1, ʜʝ q ï ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʩʠʤʚʦʣʽʚ ʈʉɿʂ (ʩʠʩʪʝʤʘʪʠʯʥʠʡ ʽ 

ʧʝʨʝʚʽʨʦʯʥʽ). 

 

 

 

 

 

 

 

 

 

 

 

ɼʣʷ ʢʦʞʥʦʛʦ ʩʪʘʥʫ ˇʨʘʪʯʘʩʪʦʾ ʜʽʘʛʨʘʤʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʨʷʤʘ ʨʝʢʫʨʩʽʷ )(sta  

(ʧʦʯʠʥʘʶʯʠ ʟ ʧʦʯʘʪʢʫ ʙʣʦʢʫ ï ʧʨʠ ʧʨʷʤʦʤʫ ʦʙʯʠʩʣʝʥʥʽ) ʧʦ ʬʦʨʤʫʣʽ [139]: 

ä
¡

-
¡gÖ¡a=a

s

ttt ssss ),()(~)( 1 , ʜʝ )(~
1 st
¡a-  ï ʥʦʨʤʦʚʘʥʘ ʧʨʷʤʘ ʨʝʢʫʨʩʽʷ t - 1 ʪʘʢʪʫ. 

ʇʽʜʩʫʤʦʚʫʚʘʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ ʧʦ ʚʩʽʭ ʧʦʧʝʨʝʜʥʽʭ ʩʪʘʥʘʭ s¡, ʜʣʷ ʷʢʠʭ ʽʩʥʫʻ 

ʧʝʨʝʭʽʜ ʫ ʧʦʪʦʯʥʠʡ ʩʪʘʥ s. 

ʆʜʝʨʞʘʚʰʠ ʧʨʷʤʽ ʨʝʢʫʨʩʽʾ ʜʣʷ ʚʩʽʭ ʩʪʘʥʽʚ ʜʘʥʦʛʦ ʪʘʢʪʫ, ʦʙʯʠʩʣʶʻʪʴʩʷ 

ʧʘʨʘʤʝʪʨ ʥʦʨʤʘʣʽʟʘʮʽʾ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʫʤʦʶ ʜʘʥʠʭ ʨʝʢʫʨʩʽʡ [139]: 
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s s
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s

t ssss ),()(~)( 1 .  

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʧʘʨʘʤʝʪʨʘ ʥʦʨʤʘʣʽʟʘʮʽʾ ʚʠʨʘʟ ʧʨʷʤʦʾ ʨʝʢʫʨʩʽʾ ʧʨʠʡʤʝ ʚʠʜ 

[139]: 
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ʈʠʩ. 3.5. ɻʨʘʪʯʘʩʪʘ ʜ̔ʘʛʨʘʤʘ ʈʉɿʂ ʚʠʜʫ (1, 7/5) 
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ɼʣʷ ʢʦʞʥʦʛʦ ʩʪʘʥʫ ˇʨʘʪʯʘʩʪʦʾ ʜʽʘʛʨʘʤʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʚʦʨʦʪʥʘ ʨʝʢʫʨʩʽʷ 

)(
~

1 st
¡b- , ʧʦʯʠʥʘʶʯʠ ʟ ʢʽʥʮʷ ʙʣʦʢʫ ʧʨʠ ʟʚʦʨʦʪʥʴʦʤʫ ʦʙʯʠʩʣʝʥʥʽ, ʧʦ ʬʦʨʤʫʣʽ 

[139]: 

ä ¡gÖb=¡b-
s

ttt ssss ),()(
~

)(1
.  

ʜʝ )(
~

stb  ï ʥʦʨʤʦʚʘʥʘ ʟʚʦʨʦʪʥʘ ʨʝʢʫʨʩʽʷ ʪʘʢʪʫ t. ʇʽʜʩʫʤʦʚʫʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦ 

ʚʩʽʭ ʧʦʪʦʯʥʠʭ ʩʪʘʥʘʭ s, ʫ ʷʢʽ ʽʩʥʫʻ ʧʝʨʝʭʽʜ ʟ ʧʦʧʝʨʝʜʥʴʦʛʦ ʩʪʘʥʫ s¡. 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʧʘʨʘʤʝʪʨʘ ʥʦʨʤʘʣʽʟʘʮʽʾ, ʦʪʨʠʤʘʥʦʛʦ ʧʨʠ ʦʙʯʠʩʣʝʥʥʽ 

ʧʨʷʤʦʾ ʨʝʢʫʨʩʽʾ, ʚʠʨʘʟ ʟʚʦʨʦʪʥʴʦʾ ʨʝʢʫʨʩʽʾ ʧʨʠʡʤʝ ʚʠʜ [139]: 
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ɺ [139] ʧʦʢʘʟʘʥʦ, ʱʦ ʃɺʌʇ ʥʘ ʚʠʭʦʜʽ ʜʝʢʦʜʝʨʘ 2 ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʝ ʚ 

ʥʘʩʪʫʧʥʦʤʫ ʚʠʜʽ: 
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1 . (3.11) 

ɸʣʛʦʨʠʪʤ Max Log Map ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʜʝʷʢʠʭ ʧʝʨʝʪʚʦʨʝʥʥʷʭ ʥʘʜ 

ʘʣʛʦʨʠʪʤʦʤ ʄap ʽ ʚʠʢʦʨʠʩʪʘʥʥʽ ʘʧʨʦʢʩʠʤʘʮʽʾ [139]. 

ɼʣʷ ʦʜʝʨʞʘʥʥʷ ʧʝʨʝʭʽʜʥʦʾ, ʧʨʷʤʦʾ ʽ ʟʚʦʨʦʪʥʴʦʾ ʨʝʢʫʨʩʽʾ ʜʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ 

ʥʝʦʙʭʽʜʥʦ ʧʨʦʣʦʛʘʨʠʬʤʫʚʘʪʠ ʚʽʜʧʦʚʽʜʥʽ ʨʝʢʫʨʩʽʾ ʘʣʛʦʨʠʪʤʫ Map: )(~ln)( ss tt a=A , 

)(
~

ln)( ss tt b=B , ),(ln),( ssss tt
¡g=¡G , ʘ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʘʪʠ ʘʧʨʦʢʩʠʤʘʮʽʶ: 

i
ni
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a
ae i

>1
1

maxln
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=

ºö
÷

õ
æ
ç

å
ä  [139]. 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʮʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʦʩʥʦʚʥʽ ʨʝʢʫʨʩʽʾ ʙʫʜʫʪʴ ʤʘʪʠ ʚʠʛʣʷʜ 

[139]: 
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tctctatt xyLyLxLxss
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ʇ2ʇ2Cʉ2C )(
2

1
~),( ;                   (3.12) 
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~

max)(
~ max

1 sssss ttt
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¡G+Bº¡B

¡
- ; 

        
[ ] )(),()(
~

max)(
~ max

1 sssss ttt
s

t A-¡G+Bº¡B
¡

- ,                       (3.14) 

ʜʝ [ ])),()(
~

max(max)( 1

max ssss tt
ss

t
¡G+¡AºA -

¡
 - ʧʘʨʘʤʝʪʨ ʥʦʨʤʘʣʽʟʘʮʽʾ. ʋ ʚʠʨʘʟʽ ʧʨʷʤʦʾ 

ʨʝʢʫʨʩʽʾ ʤʘʢʩʠʤʽʟʘʮʽʷ ʚʠʢʦʥʫʻʪʴʩʷ ʧʦ ʚʩʽʭ ʧʦʧʝʨʝʜʥʽʭ ʩʪʘʥʘʭ s¡, ʜʣʷ ʷʢʠʭ ʽʩʥʫʻ 

ʧʝʨʝʭʽʜ ʫ ʧʦʪʦʯʥʠʡ ʩʪʘʥ s, ʘ ʜʣʷ ʟʚʦʨʦʪʥʴʦʾ ï ʧʦ ʚʩʽʭ ʧʦʪʦʯʥʠʭ ʩʪʘʥʘʭ s, ʫ ʷʢʽ 

ʽʩʥʫʻ ʧʝʨʝʭʽʜ ʟ ʧʦʧʝʨʝʜʥʴʦʛʦ ʩʪʘʥʫ s¡. ʇʘʨʘʤʝʪʨ ʥʦʨʤʘʣʽʟʘʮʽʾ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʤʘʢʩʠʤʘʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤ ʧʨʷʤʠʭ ʨʝʢʫʨʩʽʡ ʧʦ ʚʩʽʭ ʩʪʘʥʘʭ. 

ʃɺʌʇ ʦʙʯʠʩʣʶʻʪʴʩʷ ʧʦ ʥʘʩʪʫʧʥʽʡ ʬʦʨʤʫʣʽ [139]: 
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ʇʘʨʘʤʝʪʨ ñʟʦʚʥʽʰʥʴʦʾò ʽʥʬʦʨʤʘʮʽʾ ʦʙʯʠʩʣʶʻʪʴʩʷ ʘʥʘʣʦʛʽʯʥʦ ʘʣʛʦʨʠʪʤʫ 

Map. 

ɸʧʨʦʢʩʠʤʘʮʽʷ 
i

ni

n

i

a
ae i

>1
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maxln
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=

ºö
÷

õ
æ
ç

å
ä  ʽʩʪʦʪʥʦ ʧʦʛʽʨʰʫʻ ʟʘʚʘʜʦʩʪʽʡʢʽʩʪʴ 

ʜʝʢʦʜʝʨʘ Max Log Map ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʜʝʢʦʜʝʨʦʤ ʄap. ʈʦʙʝʨʪʩʦʥ ʽ ʽʥ. ʜʣʷ 

ʧʦʣʽʧʰʝʥʥʷ ʘʣʛʦʨʠʪʤʫ Max Log Map, ʟʘʧʨʦʧʦʥʫʚʘʣʠ ʚʠʢʦʨʠʩʪʘʪʠ ʣʦʛʘʨʠʬʤ 

ʗʢʦʙʽʘʥʘ [141] 

)1ln(),max()ln(
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aaaa
eaaee

--
++=+ . (3.15) 

ɸʣʛʦʨʠʪʤ ʜʝʢʦʜʫʚʘʥʥʷ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʜʘʥʠʡ ʚʠʨʘʟ, ʙʫʚ ʥʘʟʚʘʥʠʡ Log 

Map [141]. ɼʨʫʛʠʡ ʜʦʜʘʥʦʢ ʚ (3.13) ʻ ʢʦʨʠʛʫʚʘʣʴʥʠʤ ʚ ʘʧʨʦʢʩʠʤʘʮʽʾ 
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ä . ɺʽʥ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʘʙʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʦʯʥʦʛʦ 

ʨʦʟʨʘʭʫʥʢʫ (ʦʜʥʘʢ ʧʨʠ ʮʴʦʤʫ ʟʥʦʚʫ ʟ'ʷʚʣʷʶʪʴʩʷ ʦʧʝʨʘʮʽʾ ʟʚʝʜʝʥʥʷ ʚ ʩʪʫʧʽʥʴ ʽ 

ʣʦʛʘʨʠʬʤʫʚʘʥʥʷ), ʘʙʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʧʨʦʢʩʠʤʘʮʽʾ ʬʫʥʢʮʽʾ )1ln()(
D-

+=D ef , ʜʝ 

21 aa -=D .  
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ʋ ʚʽʜʦʤʠʭ ʨʦʙʦʪʘʭ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʪʠ ʩʪʫʧʽʥʯʘʩʪʫ ʘʧʨʦʢʩʠʤʘʮʽʶ 

ʬʫʥʢʮʽʾ )(Df  ʧʨʠ ʢʽʥʮʝʚʦʤʫ ʯʠʩʣʽ ʽʥʪʝʨʚʘʣʽʚ ʪʘʙʫʣʷʮʽʾ. ɸ ʩʘʤʝ ʨʦʟʛʣʷʜʘʻʪʴʩʷ 

ʩʪʫʧʽʥʯʘʩʪʘ ʘʧʨʦʢʩʠʤʘʮʽʷ ʟ 8-ʤʠ ʝʣʝʤʝʥʪʽʚ. 

ʇʨʠ ʧô̫ ʪʠʩʪʫʧʽʥʯʘʩʪʽʡ ʘʧʨʦʢʩʠʤʘʮʽʾ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʪʘʙʣ. 3.1. 

 

ʊʘʙʣʠʮʷ 3.1 ï ʇô̫ ʪʠʩʪʫʧʽʥʯʘʩʪʘ ʘʧʨʦʢʩʠʤʘʮʽʷ ʬʫʥʢʮʽʾ )1ln()(
D-

+=D ef  

D [0; 0,2) [0,2; 0,8) [0,8; 1,4) [1,4; 2,0) [2,0; +¤) 

f (D) 0,67 0,52 0,32 0,18 0 
 

ʋ ʪʘʙʣ. 3.2 ʨʦʟʛʣʷʥʫʪʘ ʤʽʥʽʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʨʽʚʥʽʚ ï 2 ʨʽʚʥʷ. 

 

ʊʘʙʣʠʮʷ 3.2 ï ɼʚʦʩʪʫʧʽʥʯʘʩʪʘ ʘʧʨʦʢʩʠʤʘʮʽʷ ʬʫʥʢʮʽʾ )1ln()(
D-

+=D ef  

D [0; 1,6) [1,6; +¤) 

f (D) 0,48 0 
 

ɺʠʨʘʟ ʜʣʷ ʧʝʨʝʭʽʜʥʦʾ ʨʝʢʫʨʩʽʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʘʥʘʣʦʛʽʯʥʦ Max Log Map 

ʘʣʛʦʨʠʪʤʫ. 

ɺʠʨʘʟʠ ʧʨʷʤʦʾ ʪʘ ʟʚʦʨʦʪʥʴʦʾ ʨʝʢʫʨʩʽʾ ʦʙʯʠʩʣʶʶʪʴʩʷ ʟ ʦʙʣʽʢʦʤ 

ʢʦʨʠʛʫʚʘʣʴʥʦʾ ʩʢʣʘʜʦʚʦʾ, ʘ ʩʘʤʝ [141]: [ ] )(),()(
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 ï ʧʘʨʘʤʝʪʨ ʥʦʨʤʘʣʽʟʘʮʽʾ, ʘʥʘʣʦʛʽʯʥʠʡ 

ʧʦʧʝʨʝʜʥʴʦʤʫ ʘʣʛʦʨʠʪʤʫ. 

ʋ ʜʘʥʦʤʫ ʘʣʛʦʨʠʪʤʽ ʜʝʢʦʜʫʚʘʥʥʷ ʊʂ ʬʫʥʢʮʽʷ ʧʨʘʚʜʦʧʦʜʽʙʥʦʩʪʽ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʨʘʟʦʤ ʚʠʜʫ [141]: 
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ʇʘʨʘʤʝʪʨ ñʟʦʚʥʽʰʥʴʦʾò ʽʥʬʦʨʤʘʮʽʾ ʦʙʯʠʩʣʶʻʪʴʩʷ ʘʥʘʣʦʛʽʯʥʦ ʘʣʛʦʨʠʪʤʫ 

Map ʽ Max Log Map. 

ʋ ʨʦʟʛʣʷʥʫʪʠʭ ʘʣʛʦʨʠʪʤʘʭ ʜʝʢʦʜʫʚʘʥʥʷ ʊʂ ʦʙʣʽʢ ʚʧʣʠʚʫ ʬʣʫʢʪʫʘʮʽʡʥʦʛʦ 

ʰʫʤʫ ʪʘ ʥʘʚʤʠʩʥʠʭ ʟʘʚʘʜ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʧʘʨʘʤʝʪʨʽ cL .  
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ʋ ʚʠʨʘʟʽ (3.12) ʧʘʨʘʤʝʪʨ ʢʘʥʘʣʴʥʦʾ ñʥʘʜʽʡʥʦʩʪʽò cL  ʜʦʨʽʚʥʶʻ [139]: 
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ns=s  - ʜʠʩʧʝʨʩʽʷ ʬʣʫʢʪʫʘʮʽʡʥʦʛʦ ʰʫʤʫ, sE  - ʝʥʝʨʛʽʷ ʩʠʤʚʦʣʫ. ɽʥʝʨʛʽʷ 

ʩʠʤʚʦʣʫ ʜʣʷ ʤʦʜʫʣʷʮʽʾ ʌʄ-ʄ ʜʦʨʽʚʥʶʻ MREE bs 2logÖÖ= , ʜʝ bE  - ʝʥʝʨʛʽʷ ʙʽʪʘ, R 

- ʰʚʠʜʢʽʩʪʴ ʢʦʜʫʚʘʥʥʷ, k
M 2=  - ʨʦʟʤʽʨ ʤʥʦʞʠʥʠ ʩʠʤʚʦʣʽʚ, ʜʝ k - ʢʽʣʴʢʽʩʪʴ ʙʽʪ, 

ʱʦ ʜʦʚʦʜʠʪʴʩʷ ʥʘ ʩʠʤʚʦʣ. ɿ ʦʙʣʽʢʦʤ ʮʴʦʛʦ ʚʠʨʘʟ (3.16) ʜʣʷ ʌʄ-ʄ ʙʫʜʝ ʤʘʪʠ 

ʚʠʛʣʷʜ: 

2

2log2

n

b

c

MRE
L

s

ÖÖÖ
= . (3.17) 

ʇʽʜʩʪʘʚʣʷʶʯʠ ʚʠʨʘʟ ʜʠʩʧʝʨʩʽʾ 
2

02 G
n =s , ʜʝ 0G  - ʩʧʝʢʪʨʘʣʴʥʘ ʱʽʣʴʥʽʩʪʴ 

ʧʦʪʫʞʥʦʩʪʽ ʬʣʫʢʪʫʘʮʽʡʥʦʛʦ ʰʫʤʫ, ʚ (3.17) ʦʜʝʨʞʠʤʦ ʨʽʚʥʷʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʧʘʨʘʤʝʪʨʘ cL  ʧʨʠ ʚʧʣʠʚʽ ʬʣʫʢʪʫʘʮʽʡʥʦʛʦ ʰʫʤʫ: 

0

2log4

G

MRE
L b

c

ÖÖÖ
= , (3.18) 

ʜʝ 2

00/ hGEb =  - ʚʽʜʥʦʰʝʥʥʷ ʝʥʝʨʛʽʾ ʩʠʛʥʘʣʫ ʜʦ ʩʧʝʢʪʨʘʣʴʥʦʾ ʱʽʣʴʥʦʩʪʽ 

ʧʦʪʫʞʥʦʩʪʽ ʰʫʤʫ (ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ-ʰʫʤ). 

ʇʨʠ ʚʧʣʠʚʽ ʐɿɿ ʥʘ ʨʘʜʽʦʩʪʘʥʮʽʶ ʜʠʩʧʝʨʩʽʷ 2s  ʙʫʜʝ ʤʘʪʠ ʚʠʛʣʷʜ: 

2

0222 j

jn

GG +
=s+s=s , ʜʝ jG  - ʩʧʝʢʪʨʘʣʴʥʘ ʱʽʣʴʥʽʩʪʴ ʧʦʪʫʞʥʦʩʪʽ ʥʘʚʤʠʩʥʦʾ 

ʟʘʚʘʜʠ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʘʨʘʤʝʪʨ cL  ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʚʠʨʘʟʦʤ: 
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ÖÖÖ
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2 log4log2
. (3.19) 

ʉʪʘʥ ʐɿʏʉ - ʮʝ ʚʠʧʘʜʢʦʚʘ ʚʝʣʠʯʠʥʘ z, ʦʙʫʤʦʚʣʝʥʘ ʷʢ ( )g==1zP , ʷʢʱʦ 

ʟʘʚʘʜʘ ʧʨʠʩʫʪʥʷ, ʽ ( ) g-== 10zP , ʷʢʱʦ ʟʘʚʘʜʘ ʚʽʜʩʫʪʥʷ. ɼʠʩʧʝʨʩʽʷ 2s  ʜʣʷ ʐɿʏʉ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ: 
gÖ

Ö+=
g

s
Ö+s=s

22

0
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22 jj

n

G
z

G
z . ʇʽʜʩʪʘʚʠʚʰʠ ʮʝʡ ʚʠʨʘʟ ʚ (3.16), 

ʦʜʝʨʞʠʤʦ ʬʦʨʤʫʣʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ ʢʘʥʘʣʴʥʦʾ ñʥʘʜʽʡʥʦʩʪʽò ʧʨʠ 

ʚʧʣʠʚʽ ʐɿʏʉ: 
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(3.20) 

ʋ ʚʠʧʘʜʢʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʩʪʘʥʦʚʥʠʢʦʤ ʟʘʚʘʜ ʟʘʚʘʜʠ ʫ ʚʽʜʧʦʚʽʜʴ 

ʜʠʩʧʝʨʩʽʷ 2s  ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʷ ʷʢ:  
2

0222 j

jn

GG +
=s+s=s  ï ʧʨʠ ʚʧʣʠʚʽ ʥʘ ʩʠʤʚʦʣ 

ʬʣʫʢʪʫʘʮʽʡʥʦʛʦ ʰʫʤʫ ʪʘ ɿɺ, 
2

022 G
n =s=s  ï ʧʨʠ ʚʧʣʠʚʽ ʪʽʣʴʢʠ ʬʣʫʢʪʫʘʮʽʡʥʦʛʦ 

ʰʫʤʫ. ʇʘʨʘʤʝʪʨ cL  ʜʣʷ ʮʴʦʛʦ ʚʠʧʘʜʢʫ ʦʙʯʠʩʣʶʻʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ: 
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ʆʜʥʽʻʶ ʟ ʚʘʞʣʠʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɹɿʇɼ ʽʟ ʨʦʟʰʠʨʝʥʥʷʤ ʩʧʝʢʪʨʘ ʟ 

ʧʦʛʣʷʜʫ ʟʘʚʘʜʦʩʪʽʡʢʦʩʪʽ ʻ ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʰʠʨʝʥʥʷ ʩʧʝʢʪʨʘ Ks. ʎʝʡ ʢʦʝʬʽʮʽʻʥʪ 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʤʽʨʫ ʟʙʽʣʴʰʝʥʥʷ ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ-ʟʘʚʘʜʘ ʚ ʨʝʟʫʣʴʪʘʪʽ ʟʛʦʨʪʘʥʥʷ 

(ʩʪʠʩʢʫ) ʨʦʟʰʠʨʝʥʦʾ ʩʤʫʛʠ ʯʘʩʪʦʪ ʨʘʜʽʦʩʠʛʥʘʣʫ ʡ ʧʨʠʚʝʜʝʥʥʷ ʾʾ ʜʦ ʩʤʫʛʠ ʯʘʩʪʦʪ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ. ʂʦʝʬʽʮʽʻʥʪ ʨʦʟʰʠʨʝʥʥʷ ʩʧʝʢʪʨʘ Ks ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʚʠʨʘʟʦʤ [28]: 

s

s
s

F

F
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D
= , (3.22) 

ʜʝ ȹFS  ï ʩʤʫʛʘ ʯʘʩʪʦʪ, ʟʘʡʤʘʥʘ ʩʠʛʥʘʣʦʤ, FS ï ʰʠʨʠʥʘ ʩʤʫʛʠ ʦʜʥʦʛʦ ʯʘʩʪʦʪʥʦʛʦ 

ʢʘʥʘʣʫ. ʇʨʠ ʨʦʟʰʠʨʝʥʥʽ ʩʧʝʢʪʨʘ ʤʝʪʦʜʦʤ ʇʇʈʏ ʟʘʛʘʣʴʥʘ ʩʤʫʛʘ ʯʘʩʪʦʪ 

h

f

s
T

Ma
F

Ö
=D , ʜʝ Mf ï ʯʠʩʣʦ ʯʘʩʪʦʪʥʠʭ ʢʘʥʘʣʽʚ, Th ï ʪʨʠʚʘʣʽʩʪʴ ʩʪʨʠʙʢʘ ʯʘʩʪʦʪʠ, 

ʘ ï ʧʘʨʘʤʝʪʨ, ʟʥʘʯʝʥʥʷ ʷʢʦʛʦ, ʷʢ ʧʨʘʚʠʣʦ, ʚʠʙʠʨʘʻʪʴʩʷ ʚ ʤʝʞʘʭ 1...2. ɿ 

ʫʨʘʭʫʚʘʥʥʷʤ ʮʴʦʛʦ ʚʠʨʘʟ (3.22) ʙʫʜʝ ʤʘʪʠ ʪʘʢʠʡ ʚʠʛʣʷʜ: 

sh
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s
FT
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Ö
= . (3.23) 

ʗʢʱʦ ʧʨʠʡʥʷʪʠ, ʱʦ ʚʝʜʝʪʴʩʷ ʧʦʙʽʪʦʚʘ ʧʝʨʝʜʘʯʘ ʟʽ ʰʚʠʜʢʽʩʪʶ 1 

ʙʽʪ/ʩʪʨʠʙʦʢ, ʘ = 1, ʦʪʞʝ 1=Ösh FT , ʪʦ ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʰʠʨʝʥʥʷ ʩʧʝʢʪʨʘ Ks ʙʫʜʝ 
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ʜʦʨʽʚʥʶʚʘʪʠ ʯʠʩʣʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʯʘʩʪʦʪʥʠʭ ʢʘʥʘʣʽʚ Mf  ʫ ʟʘʩʦʙʘʭ 

ʨʘʜʽʦʟʚô̫ ʟʢʫ ʽʟ ʇʇʈʏ. 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʘ ʨʦʟʰʠʨʝʥʥʷ ʩʧʝʢʪʨʘ Ks ʚʠʨʘʟʠ (3.19), (3.20) 

ʧʨʠ ʚʧʣʠʚʽ ʐɿɿ ʽ ʐɿʏʉ ʚʽʜʧʦʚʽʜʥʦ ʙʫʜʫʪʴ ʤʘʪʠ ʪʘʢʠʡ ʚʠʛʣʷʜ: 

1
11

0

2

1

0

2 log4log4

-
---

ö
ö

÷

õ

æ
æ

ç

å

ö
ö

÷

õ

æ
æ

ç

å Ö
+ö

ö
÷

õ
æ
æ
ç

å
ÖÖÖ=ö

ö
÷

õ
æ
æ
ç

å

Ö
+ÖÖÖ=

j

bsb

bs

j

b

c
P

PK

G

E
MR

PK

P

E

G
MRL , (3.24) 

1
11

0

2

1

0
2 log4log4

-
---

ö
ö

÷

õ

æ
æ

ç

å

ö
ö

÷

õ

æ
æ

ç

å ÖÖg
Ö+ö

ö
÷

õ
æ
æ
ç

å
ÖÖÖ=ö

ö
÷

õ
æ
æ
ç

å

ÖÖg
Ö+ÖÖÖ=

j

bsb

bs

j

b

c
P

PK
z

G

E
MR

PK

P
z

E

G
MRL , (3.25) 

ʜʝ Pb ï ʧʦʪʫʞʥʽʩʪʴ ʩʠʛʥʘʣʫ, Pj ï ʧʦʪʫʞʥʽʩʪʴ ʟʘʚʘʜʠ. 

ɼʣʷ ɿɺ ʫ ʚʠʨʘʟʽ (3.21) ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʰʠʨʝʥʥʷ ʩʧʝʢʪʨʘ Ks ʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ. 

ʇʘʨʘʤʝʪʨ ʢʘʥʘʣʴʥʦʾ ñʥʘʜʽʡʥʦʩʪʽò ʜʣʷ ʜʝʢʦʜʝʨʘ 1, ʜʣʷ ʜʝʢʦʜʝʨʽʚ 1, 2 ʽʥʰʠʭ 

ʽʪʝʨʘʮʽʡ ʜʝʢʦʜʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʜʣʷ ʽʥʰʠʭ ʘʣʛʦʨʠʪʤʽʚ ʜʝʢʦʜʫʚʘʥʥʷ ʊʂ, ʧʨʠ 

ʦʙʯʠʩʣʝʥʥʽ ʚʠʭʽʜʥʦʛʦ ʃɺʌʇ ʫ ʚʠʧʘʜʢʫ ʚʧʣʠʚʫ ʬʣʫʢʪʫʘʮʽʡʥʦʛʦ ʰʫʤʫ ʪʘ 

ʥʘʚʤʠʩʥʠʭ ʟʘʚʘʜ ʥʘ ʧʨʦʛʨʘʤʦʚʘʥʫ ʨʘʜʽʦʩʪʘʥʮʽʶ ʽʟ ʇʇʈʏ ʦʙʯʠʩʣʶʻʪʴʩʷ 

ʘʥʘʣʦʛʽʯʥʦ ʧʦ ʦʪʨʠʤʘʥʠʭ ʬʦʨʤʫʣʘʭ (3.16), (3.21), (3.24), (3.25).  

 

3.2. ʆʙʯʠʩʣʶʚʘʣʴʥʠʡ ʤʝʪʦʜ ʥʝʯʽʪʢʦʛʦ ʜʝʢʦʜʫʚʘʥʥʷ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ 

ʪʫʨʙʦ ʢʦʜʽʚ ʚ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʟʘʩʦʙʘʭ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ 

 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʜʘʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʪʘ 

ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦ ʾ ʝʬʝʢʪʠʚʥʦʩʪ̔ ɹɿʇɼ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʨʦʟʨʦʙʢʘ ʪʘ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʤʝʪʦʜʫ ʥʝʯʽʪʢʦʛʦ ʜʝʢʦʜʫʚʘʥʥʷ 

ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʊʂ ʚ ɹɿʇɼ. ɺ ʨʦʙʦʪʽ ʙʫʜʝ ʨʦʟʛʣʷʥʫʪʠʡ 

ʪʨʴʦʭʢʦʤʧʦʥʝʥʪʥʠʡ ʊʂ.  

ʉʪʨʫʢʪʫʨʥʽ ʩʭʝʤʠ ʤʦʜʝʣʝʡ ʢʦʜʝʨʘ ʪʘ ʜʝʢʦʜʝʨʘ ʪʨʴʦʭʢʦʤʧʦʥʝʥʪʥʦʛʦ ʊʂ 

ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 3.6 ʪʘ 3.7 ʚʽʜʧʦʚʽʜʥʦ. 

ʈʦʟʛʣʷʥʝʤʦ ʦʩʦʙʣʠʚʦʩʪʽ, ʷʢʠʤʠ ʙʫʜʝ ʚʦʣʦʜʽʪʠ ʤʦʜʝʣʴ ʜʝʢʦʜʝʨʘ 

ʪʨʴʦʭʢʦʤʧʦʥʝʥʪʥʦʛʦ ʊʂ, ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʷʢʦʛʦ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ 3.7. 

ʈʦʟʛʣʷʜʘʻʪʴʩʷ ʘʣʛʦʨʠʪʤ Max Log Map.  
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ʗʢ ʽ ʫ ʚʠʧʘʜʢʫ ʜʚʦʭʢʦʤʧʦʥʝʥʪʥʦʛʦ ʊʂ ʪʨʴʦʭʢʦʤʧʦʥʝʥʪʥʽ ʜʝʢʦʜʝʨʠ 

ʧʨʘʮʶʶʪʴ ʧʦʩʣʽʜʦʚʥʦ. ʆʩʦʙʣʠʚʽʩʪʶ ʜʝʢʦʜʫʚʘʥʥʷ ʪʨʴʦʭʢʦʤʧʦʥʝʥʪʥʦʛʦ ʊʂ, ʥʘ 

ʚʽʜʤʽʥʫ ʚʽʜ ʜʚʦʭʢʦʤʧʦʥʝʥʪʥʦʛʦ, ʻ ʪʝ, ʱʦ ʘʧʨʽʦʨʥʘ ʽʥʬʦʨʤʘʮʽʷ ʜʣʷ 

ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʢʦʜʝʨʘ ʬʦʨʤʫʻʪʴʩʷ ʷʢ ʩʫʤʘ ʥʝ ʜʚʦʭ (ʨʠʩ. 3.7), ʘ ʪʨʴʦʭ 

ʩʢʣʘʜʦʚʠʭ: ʢʘʥʘʣʴʥʦʛʦ ʚʽʜʣʽʢʫ ʩʠʩʪʝʤʘʪʠʯʥʦʛʦ ʙʽʪʘ, ʘ ʪʘʢʦʞ ʟʥʘʯʝʥʴ ʃɺʌʇ, 

ʦʪʨʠʤʘʥʠʭ ʜʚʦʤʘ ʧʦʧʝʨʝʜʥʽʤʠ ʢʦʤʧʦʥʝʥʪʥʠʤʠ ʜʝʢʦʜʝʨʘʤʠ (ʷʢʱʦ ʧʦʪʨʽʙʥʦ, ʪʦ ʟ 

ʧʦʧʝʨʝʜʥʴʦʾ ʽʪʝʨʘʮʽʾ). 

ʆʩʥʦʚʥʽ ʨʝʢʫʨʩʽʾ ʜʣʷ ʧʝʨʰʦʛʦ, ʜʨʫʛʦʛʦ ʪʘ ʪʨʝʪʴʦʛʦ ʜʝʢʦʜʝʨʘ n-ʾ ʽʪʝʨʘʮʽʾ 

ʜʝʢʦʜʫʚʘʥʥʷ ʙʫʜʫʪʴ ʤʘʪʠ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʪʨʫʢʪʫʨʥʦʾ ʟʘʚʘʜʠ ʚ 

ʯʘʩʪʠʥʽ ʩʤʫʛʠ: 

       ( )1, C 1, ʉ C ʇ2 ʇ22

1

0

4 log1
( , ) ~ ( )

2

v
n n i ib

t t a t c t t t
j i

E R M
s s x L x L y y x

G
G z =

å õ
æ öÖ Ö Ö
æ ö¡G Ö Ö + Ö + Ö Ö
æ ö

+ Öæ ögç ÷

ä ;           (3.26) 

( )2, C 1, ʉ 2, ʉ C ʇ2 ʇ22

1

0

4 log1
( , ) ~ ( ) ( )

2

v
n n n i ib

t t a t a t c t t t
j i

E R M
s s x L x L x L y y x

G
G z =

å õ
æ öÖ Ö Ö
æ ö¡G Ö Ö + + Ö + Ö Ö
æ ö

+ Öæ ögç ÷

ä ;     (3.27) 

ʄ
ʫ
ʣ
ʴ
ʪ
ʠ
ʧ
ʣ
ʝ
ʢ
ʩ

ʦ
ʨ 

ʌʦʨʤʫʚʘʯ 

ʙʣʦʢʽʚ  
x
ʇ11 

=   

x
ʇ21 

x
ʇ1v 

x
ʇ2v 

 

ʈʠʩ. 3.6. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʦʛʦ ʢʦʜʝʨʘ ʊʂ 

1 

 

ʈʉɿʂ 1 

 

ʈʉɿʂ 2 

 

x
ʇn1 

x
ʇnv n-1 

 

ʈʉɿʂ n 

ʇ 

ʇ 
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ï 
+ 

ɼʝʢʦʜʝʨ 

1 
ʇ1 

ï 

ï 

+ 
ɼʝʢʦʜʝʨ 

2 

 

ʇ1 

é
 

é 

é
 

é 

ɯʪʝʨʘʮʽʷ 1 

 
é

 

é
 

 

  

 

 

ʇ2 ï 

ï 

+ 
ɼʝʢʦʜʝʨ 

3 

 

ʇ2 

é
 

é 

ɼ2 

ʇ2 

ɼ1 

 

 

   

 

  

 

 

 

ï 
+ 

ɼʝʢʦʜʝʨ 

1 
ʇ1 

ï 

ï 

+ 
ɼʝʢʦʜʝʨ 

2 

 

ʇ1 

é
 

é 

é
 

é 

ɯʪʝʨʘʮʽʷ n 

 

 

 

 

 

ʇ2 

ɼʝʢʦʜʝʨ 

3 

ʇ2 

é
 

é 

ʇ2 

ɼ1 

 

 

 

 

 ʜ
ʦ ʥ
ʘ
ʩ
ʪ
ʫ
ʧ
ʥ
ʦ
ʾ

 

ʽ
ʪ
ʝ
ʨ
ʘ
ʮ
ʽ
ʾ

 

 ʢ ʜʝʢʦʜʝʨʫ 1 

ʽʪʝʨʘʮʽʾ 2 
 

 

ɼ 

é
 

ʈʠʩ. 3.7. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʪʨʴʦʭʢʦʤʧʦʥʝʥʪʥʦʛʦ ʜʝʢʦʜʝʨʘ ʊʂ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʬʫʥʢʮʽʡ ʧʨʠʥʘʣʝʞʥʦʩʪʽ ʪʘ ʧʘʨʘʤʝʪʨʽʚ ʟʘʚʘʜ 
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C 1, ʉ 2, ʉ 3, ʉ C2

03,

ʇ2 ʇ22

1

0

4 log
( ) ( ) ( )

1
( , ) ~

2
4 log

n n n b
t a t a t a t t

j

n

t

v
i ib

t t
j i

E R M
x L x L x L x y

G
G z

s s

E R M
y x

G
G z =

å õå õ
æ öæ öÖ Ö Öæ öæ öÖ + + + Ö +
æ öæ ö

+ Öæ öæ ö¡ gG Ö ç ÷æ ö
æ öÖ Ö Ö

Ö Öæ ö
æ ö+ Öæ ögç ÷

ä

; (3.28) 

[ ]),()(
~

max)( ,1,1

1

,1 ssss n

t

n

t
s

n

t
¡G+¡AºA -

¡
;  

[ ] )(),()(
~

max)(
~ max,1,1,1

1

,1 sssss n

t

n

t

n

t
s

n

t A-¡G+¡AºA -
¡

; (3.29) 

[ ]),()(
~

max)( ,2,2

1

,2 ssss n

t

n

t
s

n

t
¡G+¡AºA -

¡
;  

[ ] )(),()(
~

max)(
~ max,2,2,2

1

,2 sssss n

t

n

t

n

t
s

n

t A-¡G+¡AºA -
¡

; (3.30) 

[ ]),()(
~

max)( ,3,3

1

,3 ssss n

t

n

t
s

n

t
¡G+¡AºA -

¡
;  

[ ] )(),()(
~

max)(
~ max,3,3,3

1

,3 sssss n

t

n

t

n

t
s

n

t A-¡G+¡AºA -
¡

; (3.31) 

[ ]),()(
~

max)( ,1,1,1

1 ssss n

t

n

t
s

n

t
¡G+Bº¡B

¡
- ;  

[ ] )(),()(
~

max)(
~ max,1,1,1

1 sssss n

tt

n

t
s

n

t A-¡G+Bº¡B
¡

- ; (3.32) 

[ ]),()(
~

max)( ,2,2,2

1 ssss n

t

n

t
s

n

t
¡G+Bº¡B

¡
- ;  

[ ] )(),()(
~

max)(
~ max,2,2,2

1 sssss n

tt

n

t
s

n

t A-¡G+Bº¡B
¡

- ; (3.33) 

[ ]),()(
~

max)( ,3,3,3

1 ssss n

t

n

t
s

n

t
¡G+Bº¡B

¡
- ;  

[ ] )(),()(
~

max)(
~ max,3,3,3

1 sssss n

tt

n

t
s

n

t A-¡G+Bº¡B
¡

- . (3.34) 

ʉʭʝʤʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʱʦʜʦ ʟʥʘʯʝʥʴ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʙʽʪ ʪʘʢʦʞ 

ʟʤʽʥʶʻʪʴʩʷ. ʈʽʰʝʥʥʷ ʙʫʜʝ ʧʨʝʜʩʪʘʚʣʷʪʠ ʩʫʤʫ ʨʽʰʝʥʴ ʪʨʴʦʭʢʦʤʧʦʥʝʥʪʥʠʭ 

ʜʝʢʦʜʝʨʽʚ. 

ɼʣʷ ʧʝʨʰʦʛʦ, ʜʨʫʛʦʛʦ, ʪʨʝʪʴʦʛʦ ʜʝʢʦʜʝʨʘ ʚʠʭʽʜʥʝ ʃɺʌʇ ʦʙʯʠʩʣʶʻʪʴʩʷ ʧʦ 

ʬʦʨʤʫʣʘʤ ʚʽʜʧʦʚʽʜʥʦ: 

[ ] [ ])(
~

),()(
~

max)(
~

),()(
~

max)( ,1,1,1

1
),(

,1,1,1

1
),(

C,1

11

ssssssssxL n

t

n

t

n

t

u

ss

n

t

n

t

n

t

u

ss
t

n

tt

B+¡G+¡A-B+¡G+¡Aº -¡-¡

-=+=

; 
(3.35) 

[ ] [ ])(
~

),()(
~

max)(
~

),()(
~

max)( ,2,2,2

1
),(

,2,2,2

1
),(

C,2

11

ssssssssxL n

t

n

t

n

t

u

ss

n

t

n

t

n

t

u

ss
t

n

tt

B+¡G+¡A-B+¡G+¡Aº -¡-¡

-=+=

; 
(3.36) 
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[ ] [ ])(
~

),()(
~

max)(
~

),()(
~

max)( ,3,3,3

1
),(

,3,3,3

1
),(

C,3

11

ssssssssxL n

t

n

t

n

t

u

ss

n

t

n

t

n

t

u

ss
t

n

tt

B+¡G+¡A-B+¡G+¡Aº -¡-¡

-=+=

. (3.37) 

ʇʝʨʰʠʡ ʜʝʢʦʜʝʨ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ñʚʠʭʽʜʥʝò ʃɺʌʇ, ʘʧʨʽʦʨʥʽ ʃɺʌʇ ʟ 

ʜʨʫʛʦʛʦ ʪʘ ʪʨʝʪʴʦʛʦ ʜʝʢʦʜʝʨʘ ʧʦʧʝʨʝʜʥʴʦʾ ʽʪʝʨʘʮʽʾ, ʪʘ ʽʥʬʦʨʤʘʮʽʶ ʟ ʢʘʥʘʣʫ, 

ʚʠʟʥʘʯʘʻ ñʟʦʚʥʽʰʥʶò ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʩʠʤʚʦʣ C

tx : 

C2C1,3C1,2C,1C,1 )()()()( tct

n

at

n

at

n

t

n

e yLxLxLxLxL Ö---= -- . (3.38) 

ɼʨʫʛʠʡ ʜʝʢʦʜʝʨ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ñʟʦʚʥʽʰʥʴʦʾò ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʩʠʤʚʦʣ C

tx  

ʚʠʢʦʨʠʩʪʦʚʫʻ ñʚʠʭʽʜʥʝò ʃɺʌʇ, ʘʧʨʽʦʨʥʝ ʃɺʌʇ ʟ ʪʨʝʪʴʦʛʦ ʜʝʢʦʜʝʨʘ 

ʧʦʧʝʨʝʜʥʴʦʾ ʽʪʝʨʘʮʽʾ ʪʘ ʘʧʨʽʦʨʥʝ ʃɺʌʇ ʟ ʧʝʨʰʦʛʦ ʜʝʢʦʜʝʨʘ ʧʦʪʦʯʥʦʾ ʽʪʝʨʘʮʽʾ, ʘ 

ʪʘʢʦʞ ʽʥʬʦʨʤʘʮʽʶ ʟ ʢʘʥʘʣʫ ʟʚôʷʟʢʫ: 

C2C,1C1,3C,2C,2 )()()()( tct

n

at

n

at

n

t

n

e yLxLxLxLxL Ö---= - . (3.39) 

ʊʨʝʪʽʡ ʝʣʝʤʝʥʪʘʨʥʠʡ ʜʝʢʦʜʝʨ, ʦʜʝʨʞʘʚʰʠ ʘʧʨʽʦʨʥʽ ʚʽʜʦʤʦʩʪʽ ʧʨʦ 

ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʤʚʦʣʠ ʟ ʧʝʨʰʦʛʦ ʪʘ ʜʨʫʛʦʛʦ ʜʝʢʦʜʝʨʘ, ʘ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʚʠʭʽʜʥʝ ʃɺʌʇ ʪʘ ʽʥʬʦʨʤʘʮʽʶ, ʧʨʠʡʥʷʪʫ ʟ ʢʘʥʘʣʫ, ʚʠʟʥʘʯʘʻ ʩʚʦʶ ñʟʦʚʥʽʰʥʶò 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʩʠʤʚʦʣ C

tx : 

C2C,1C,2C,3C,3 )()()()( tct

n

at

n

at

n

t

n

e yLxLxLxLxL Ö---= . (3.40) 

ʇʦʟʥʘʯʠʤʦ ʢʽʣʴʢʽʩʪʴ ʟʤʽʥ ʟʥʘʢʫ ʧʨʠ ʧʝʨʝʪʚʦʨʝʥʥʽ ʚʝʣʠʯʠʥʠ 
a

L  ʚ 
e

L  ʥʘ 

ʢʦʞʥʦʤʫ ʧʦʩʣʽʜʦʚʥʦʤʫ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʦʤʫ ʜʝʢʦʜʝʨʽ ʷʢ cs (change of sign). 

ʂʽʣʴʢʽʩʪʴ ʟʤʽʥ ʟʥʘʢʘ ʥʘ i -ʤʫ ʧʦʩʣʽʜʦʚʥʦʤʫ ʜʝʢʦʜʝʨʽ j-ʡ ʽʪʝʨʘʮʽʾ ʜʝʢʦʜʫʚʘʥʥʷ ï 

ij
cs. ɿʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʙʫʜʝ ʦʙʯʠʩʣʶʚʘʪʠʩʴ, ʷʢ ʩʫʤʘʨʥʘ ʢʽʣʴʢʽʩʪʴ ʟʤʽʥ ʟʥʘʢʫ 

ʧʨʠ ʧʝʨʝʭʦʜʘʭ 
ea

LL ­  ʜʣʷ ʚʩʽʭ N  ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʙʽʪ, ʱʦ ʦʙʨʦʙʣʷʶʪʴʩʷ i -ʤ 

ʜʝʢʦʜʝʨʦʤ j-ʡ ʽʪʝʨʘʮʽʾ ʊʂ.  

ʗʢʱʦ ʚ ʧʨʦʮʝʩʽ ʜʝʢʦʜʫʚʘʥʥʷ ʢʽʣʴʢʽʩʪʴ ʟʤʽʥ ʟʥʘʢʫ )()( CC

t

i

et

i

a
xLxL ­  ʜʦʨʽʚʥʶʻ 

ʥʫʣʶ, ʪʦ ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʧʨʠʡʥʷʪʦ ʞʦʨʩʪʢʝ ʨʽʰʝʥʥʷ ʧʨʦ ʜʝʢʦʜʦʚʘʥʠʡ 

ʙʽʪ, ʽ ʧʽʩʣʷ ʢʦʞʥʦʛʦ ʥʘʩʪʫʧʥʦʛʦ ʜʝʢʦʜʝʨʫ ʟʥʘʯʝʥʥʷ ʃɺʌʇ ʧʨʦ ʧʝʨʝʜʘʥʠʡ ʙʽʪ 

ʙʫʜʝ ʧʨʠʡʤʘʪʠ ʚʩʝ ʤʝʥʰʝ (ʷʢʱʦ ʙʫʚ ʧʝʨʝʜʘʥʠʡ ʙʽʪ ç0è) ʘʙʦ ʚʩʝ ʙʽʣʴʰʝ (ʷʢʱʦ 

ʙʫʚ ʧʝʨʝʜʘʥʠʡ ʙʽʪ ç1è) ʟʥʘʯʝʥʥʷ. ʄʦʞʝ ʚʠʥʠʢʥʫʪʠ ʩʠʪʫʘʮʽʷ, ʚ ʥʘʩʣʽʜʦʢ 

ʚʝʣʠʢʦʛʦ ʟʥʘʯʝʥʥʷ ʜʠʩʧʝʨʩʽʾ ʰʫʤʫ ʚ ʢʘʥʘʣʽ, ʱʦ ʚ ʧʨʦʮʝʩʽ ʜʝʢʦʜʫʚʘʥʥʷ ʢʽʣʴʢʽʩʪʴ 

ʟʤʽʥ ʟʥʘʢʫ )()( CC

t

i

et

i

a
xLxL ­  ʧʽʩʣʷ ʚʠʢʦʥʘʥʥʷ ʧʨʦʮʝʜʫʨ ʽʪʝʨʘʪʠʚʥʦʛʦ ʜʝʢʦʜʫʚʘʥʥʷ 
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ʚʩʽʤʘ D ʜʝʢʦʜʝʨʘʤʠ ʥʝ ʜʦʨʽʚʥʶʻ ʥʫʣʶ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʚʠʥʠʢʘʻ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ 

ʧʨʦ ʟʥʘʯʝʥʥʷ ʧʝʨʝʜʘʥʦʛʦ ʙʽʪʫ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʧʦʤʠʣʢʠ 

ʜʝʢʦʜʫʚʘʥʥʷ ʟ ʡʤʦʚʽʨʥʽʩʪʶ 0,5. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʽʩʥʫʶʪʴ ʯʦʪʠʨʠ ʧʦʜʽʾ: 

ʇʦʜʽʷ 1 ï 
1

A. ʂʽʣʴʢʽʩʪʴ ʟʤʽʥ ʟʥʘʢʫ )()( CC

t

i

et

i

a
xLxL ­ , Di ,1Í  ʚ ʧʨʦʮʝʩʽ 

ʽʪʝʨʘʪʠʚʥʦʛʦ ʜʝʢʦʜʫʚʘʥʥʷ ʧʽʩʣʷ i-ʛʦ ʜʝʢʦʜʝʨʫ ʜʦʨʽʚʥʶʻ ʥʫʣʶ. ʇʨʠʡʥʷʪʝ 

ʞʦʨʩʪʢʝ ʨʽʰʝʥʥʷ, ʱʦ ʙʫʚ ʧʝʨʝʜʘʥ ʙʽʪ 1C =
t

x . 

ʇʦʜʽʷ 2 ï 
2

A. ʂʽʣʴʢʽʩʪʴ ʟʤʽʥ ʟʥʘʢʫ )()( CC

t

i

et

i

a
xLxL ­ , Di ,1Í  ʚ ʧʨʦʮʝʩʽ 

ʽʪʝʨʘʪʠʚʥʦʛʦ ʜʝʢʦʜʫʚʘʥʥʷ ʧʽʩʣʷ i-ʛʦ ʜʝʢʦʜʝʨʫ ʜʦʨʽʚʥʶʻ ʥʫʣʶ. ʇʨʠʡʥʷʪʝ 

ʞʦʨʩʪʢʝ ʨʽʰʝʥʥʷ, ʱʦ ʙʫʚ ʧʝʨʝʜʘʥ ʙʽʪ 0C =
t

x .   

ʇʦʜʽʷ 3 ï 
3

A. ʂʽʣʴʢʽʩʪʴ ʟʤʽʥ ʟʥʘʢʫ )()( CC

t

i

et

i

a
xLxL ­ , Di ,1Í  ʚ ʧʨʦʮʝʩʽ 

ʽʪʝʨʘʪʠʚʥʦʛʦ ʜʝʢʦʜʫʚʘʥʥʷ ʥʝ ʜʦʨʽʚʥʶʻ ʥʫʣʶ. ɿ ʡʤʦʚʽʨʥʽʩʪʶ 0,5 ʧʨʠʡʤʘʻʪʴʩʷ 

ʨʽʰʝʥʥʷ, ʱʦ ʙʫʚ ʧʝʨʝʜʘʥ ʙʽʪ 1C =
t

x .   

ʇʦʜʽʷ 4 ï 
4

A. ʂʽʣʴʢʽʩʪʴ ʟʤʽʥ ʟʥʘʢʫ )()( CC

t

i

et

i

a
xLxL ­ , Di ,1Í  ʚ ʧʨʦʮʝʩʽ 

ʽʪʝʨʘʪʠʚʥʦʛʦ ʜʝʢʦʜʫʚʘʥʥʷ ʥʝ ʜʦʨʽʚʥʶʻ ʥʫʣʶ. ɿ ʡʤʦʚʽʨʥʽʩʪʶ 0,5 ʧʨʠʡʤʘʻʪʴʩʷ 

ʨʽʰʝʥʥʷ, ʱʦ ʙʫʚ ʧʝʨʝʜʘʥ ʙʽʪ 0C =
t

x . 

ʅʘ ʥʘʩʪʫʧʥʦʤʫ ʝʪʘʧʽ ʨʦʟʨʦʙʣʝʥʦ ʦʙʯʠʩʣʶʚʘʣʴʥʠʡ ʤʝʪʦʜ ʥʝʯʽʪʢʦʛʦ 

ʜʝʢʦʜʫʚʘʥʥʷ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʊʂ ʚ ɹɿʇɼ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʟʘʜʘʥʽ 

ʧʦʢʘʟʥʠʢʠ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʧʽʜʚʠʱʠʪʠ ʝʥʝʨʛʝʪʠʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ɹɿʇɼ. 

ʉʫʪʥʽʩʪʴ ʤʝʪʦʜʫ ʧʦʣʷʛʘʻ ʫ ʚʠʢʦʨʠʩʪʘʥʥ ̔ ʬʫʥʢʮʽʡ ʧʨʠʥʘʣʝʞʥʦʩʪʽ ʪʘ 

ʣʦʛʘʨʠʬʤʽʯʥʠʭ ʚʽʜʥʦʰʝʥɹ  ʬʫʥʢʮʽʡ ʧʨʘʚʜʦʧʦʜʽʙʥʦʩʪʽ ʧʨʠ ʜʝʢʦʜʫʚʘʥʥ ̔ʜʚʦʭ- ʪʘ 

ʪʨʴʦʭʢʦʤʧʦʥʝʥʪʥʠʭ ʪʫʨʙʦ ʢʦʜʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʜʦʤʦʛʦ ʘʣʛʦʨʠʪʤʫ Max Log 

Map. ʇʨʠ ʮʴʦʤʫ ʟʘ ʨʘʭʫʥʦʢ ʜʠʥʘʤʽʯʥʦʾ ʟʤʽʥʠ ʬʫʥʢʮʽʾ ʧʨʠʥʘʣʝʞʥʦʩʪʽ ʧʨʠ 

ʨʦʟʨʘʭʫʥʢʫ ʧʝʨʝʭʽʜʥʠʭ ʤʝʪʨʽʢ ʚ ʘʣʛʦʨʠʪʤʘʭ ʜʝʢʦʜʫʚʘʥʥʷ ʪʫʨʙʦ ʢʦʜʽʚ 

ʟʘʙʝʟʧʝʯʫʶʪʴʩʷ ʟʘʜʘʥʽ ʧʦʢʘʟʥʠʢʠ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʧʽʜʚʠʱʫʻʪʴʩʷ 

ʝʥʝʨʛʝʪʠʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ɹɿʇɼ. 

ʇʨʠ ʨʝʘʣʽʟʘʮʽʾ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʤʝʪʦʜʫ ʚʠʟʥʘʯʠʤʦ ʪʘʢʽ ʦʙʤʝʞʝʥʥʷ: 

const=)1(
T , ʘʣʛʦʨʠʪʤ ʜʝʢʦʜʫʚʘʥʥʷ Max Log Map, ʢʽʣʴʢʽʩʪʴ ʜʝʢʦʜʝʨʽʚ ʚ ʽʪʝʨʘʮʽʾ 
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ʜʝʢʦʜʫʚʘʥʥʷ ʜʚʘ ʘʙʦ ʪʨʠ, ʬʘʟʦʚʘ ʤʦʜʫʣʷʮʽʷ ʽʟ ʨʦʟʤʽʨʥʽʩʪʶ ʩʠʛʥʘʣʴʥʦʛʦ ʩʫʟʽʨ'ʷ 2 

(ʌʄ-2). 

ʊʘʢ ʷʢ ʊʂ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʢʘʥʘʣʘʭ ʟ ʧʽʜʚʠʱʝʥʠʤ ʨʽʚʥʝʤ ʰʫʤʫ (ʙʣʠʟʴʢʦ 

2-3 ʜɹ ʜʣʷ ʢʘʥʘʣʫ ʟ ɸɹɻʐ), ʪʦ ʥʘ ʧʨʠʡʤʘʣʴʥʽʡ ʩʪʦʨʦʥʽ ʨʽʰʝʥʥʷ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚ 

ʫʤʦʚʘʭ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ. 

ʇʨʦʮʝʩ ʜʝʢʦʜʫʚʘʥʥʷ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʟʘʜʘʯʘ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʨʽʰʝʥʥʷ ʚ ʫʤʦʚʘʭ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ: 

( ), , minaQ x z L ­ , (3.41) 

ʜʝ ()*Q  ï ʧʦʢʘʟʥʠʢ ʦʧʪʠʤʘʣʴʥʦʩʪʽ, , , ax z L  ï ʚʽʜʧʦʚʽʜʥʦ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʧʝʨʝʜʘʥʠʭ 

ʙʽʪ, ʚʠʙʽʨʢʠ ʙʽʣʦʛʦ ʛʘʫʩʦʚʩʴʢʦʛʦ ʰʫʤʫ, ʘʧʨʽʦʨʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʧʝʨʝʜʘʥʽ ʙʽʪʠ 

ʜʝʢʦʜʝʨʘ ʊʂ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʚʠʛʣʷʜʽ ʬʫʥʢʮʽʾ ʧʨʘʚʜʦʧʦʜʽʙʥʦʩʪʽ. 

ʄʝʪʦʜ ʨʝʘʣʽʟʫʻʪʴʩʷ ʚ ʥʘʩʪʫʧʥʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ: 

1. ɺʠʟʥʘʯʝʥʥʷ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ: ʤʘʩʠʚ ʜʘʥʠʭ ʟʘʚʘʜ Z, ʤʘʩʠʚ ʜʘʥʠʭ 

ʬʽʢʩʦʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʊʂ T , ʤʘʩʠʚ ʜʘʥʠʭ ʟʤʽʥʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʊʂ vT , ʤʥʦʞʠʥʘ 

ʧʨʠʡʥʷʪʠʭ ʢʘʥʘʣʴʥʠʭ ʚʽʜʣʽʢʽʚ ʩʠʩʪʝʤʘʪʠʯʥʠʭ ʪʘ ʧʝʨʝʚʽʨʦʯʥʠʭ ʩʠʤʚʦʣʽʚ Y , 

ʢʽʣʴʢʽʩʪʴ ʜʝʢʦʜʝʨʽʚ ʚ ʦʜʥʽʡ ʽʪʝʨʘʮʽʾ ʜʝʢʦʜʫʚʘʥʥʷ.  

2. ʆʪʨʠʤʘʥʥʷ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʜʝʢʦʜʫʚʘʥʥʷ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʟʤʽʥʠ ʟʥʘʢʫ ʘʧʨʽʦʨʥʦʾ-ʘʧʦʩʪʝʨʽʦʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʜʝʢʦʜʝʨʽʚ ʊʂ 

)()( CC

t

i

et

i

a xLxL ­ , Di ,1Í , ʜʝ D  ï ʢʽʣʴʢʽʩʪʴ ʜʝʢʦʜʝʨʽʚ ʊʂ ʧʦ ʚʩʽʤ ʽʪʝʨʘʮʽʷʤ 

ʜʝʢʦʜʫʚʘʥʥʷ. ɺʠʢʦʥʘʥʥʷ ʮʠʢʣʫ: ʷʢʱʦ 1)()( CC <t

i

et

i

a xLxL , ʪʦ 1+=FF , Di ,1Í , Nt ,1Í , 

ʧʦ ʚʩʽʤ ʜʝʢʦʜʝʨʘʤ ʪʘ ʜʣʷ ʚʩʽʭ N  ʙʽʪ ʙʣʦʢʫ.  

ʅʦʨʤʘʣʽʟʫʻʤʦ ʚʝʣʠʯʠʥʫ F : 

NI

F
F =* , (3.42) 

ʜʝ N  ï ʢʽʣʴʢʽʩʪʴ ʙʽʪ ʚ ʙʣʦʮʽ, I  ï ʢʽʣʴʢʽʩʪʴ ʽʪʝʨʘʮʽʡ ʜʝʢʦʜʫʚʘʥʥʷ. ʇʨʠʥʮʠʧ 

ʥʝʯʽʪʢʦʛʦ ʽʪʝʨʘʪʠʚʥʦʛʦ ʪʫʨʙʦ ʜʝʢʦʜʫʚʘʥʥʷ ʙʫʜʝ ʧʦʣʷʛʘʪʠ ʚ ʨʦʟʨʘʭʫʥʢʫ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʯʽʢʫʚʘʥʥʷ ʧʦʢʘʟʥʠʢʘ ʦʧʪʠʤʘʣʴʥʦʩʪʽ ä *=*

L

i

iF
F

L
M

1  ʥʘ ʧʨʦʪʷʟʽ 

ʚʽʢʥʘ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʨʦʟʤʽʨʦʤ L  ʪʘ ʟʤʽʥʝʥʥʷ ʥʝʯʽʪʢʠʭ ʧʘʨʘʤʝʪʨʽʚ ʘʣʛʦʨʠʪʤʫ 

ʜʝʢʦʜʫʚʘʥʥʷ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʥʝʯʽʪʢʦʾ ʤʝʪʠ. 
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ɺ ʷʢʦʩʪʽ ʧʦʢʘʟʥʠʢʘ ʦʧʪʠʤʘʣʴʥʦʩʪʽ ʙʫʜʝʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʫ ʧʦʭʠʙʢʫ RMSE (Root Mean Square Error): 

ä
=

-=
M

h

h
FF

M
RMSE

1

2*

ʥ

* )(
1 , (3.43) 

ʜʝ *

ʥF  ï ʟʘʜʘʥʝ ʥʦʨʤʘʣʽʟʦʚʘʥʝ ʟʥʘʯʝʥʥ ̫ʧʦʢʘʟʥʠʢʘ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ.  

ɿʘʧʠʰʝʤʦ ʬʫʥʢʮʽʾ ʧʨʠʥʘʣʝʞʥʦʩʪʽ, ʷʢʽ ʙʫʜʝʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ 

ʘʣʛʦʨʠʪʤʽ ʜʝʢʦʜʫʚʘʥʥʷ Max Log Map:          

 

,

,  ʫ ʚʠʧʘʜʢʫ  ,

,  ʫ ʚʠʧʘʜʢʫ  0,5,
3

( )
,  ʫ ʚʠʧʘʜʢʫ  0,5  0,7,

5

,  ʫ ʚʠʧʘʜʢʫ 0,7  1,
10

A B

RMSE

p RMSE
p RMSE

RMSE p RMSE
p RMSE

p RMSE
p RMSE

e ¢eë
î

Ö
î ° e< ¢
î
î

m = Öì
° < ¢î

î
Öî ° < ¢

îí

 (3.44) 

 

ʜʝ e ï ʛʨʘʥʠʯʥʝ ʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʾ ʧʦʤʠʣʢʠ, p  ï ʟʘʜʘʥʠʡ 

ʢʦʝʬʽʮʽʻʥʪ (ʧʨʠʡʤʘʻ ʟʥʘʯʝʥʥʷ ʚʽʜ 0,5 ʜʦ 1) (ʚʠʙʽʨ ʫʩʽʭ ʯʠʩʣʦʚʠʭ ʟʥʘʯʝʥʴ 

ʟʫʤʦʚʣʝʥʠʡ ʝʤʧʽʨʠʯʥʠʤ ʤʝʪʦʜʦʤ ʰʣʷʭʦʤ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ). 

3. ʌʫʥʢʮʽʶ ʧʨʠʥʘʣʝʞʥʦʩʪʽ ʙʫʜʝʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ 

ʧʝʨʝʭʽʜʥʦʾ ʨʝʢʫʨʩʽʾ ʚ ʘʣʛʦʨʠʪʤʘʭ ʜʝʢʦʜʫʚʘʥʥʷ ʊʂ: 

 

( )( ) ö
÷

õ
æ
ç

å
ÖÖ+Ö+mÖÖÖ¡G ä

=

v

i

i

t

i

tctcMt

n

at

n

t xyLyLRMSExLxss
1

ʇ2ʇ2Cʉ,1C,1 )(
2

1
~),( , (3.45) 

( ) ( )( )
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)()(
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~),( , (3.46) 

( ) ( )

( )

ö
ö
ö
ö
ö

÷

õ

æ
æ
æ
æ
æ

ç

å

ÖÖ+

+
ö
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÷

õ

æ
æ
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tc

tcMt

n

a

Mt

n

aMt

n

a

t

n

t

xyL

yLRMSExL

RMSExLRMSExL
x

ss

1

ʇ2ʇ2

Cʉ,3

ʉ,2ʉ,1

C

,3 )(

)()(

2

1
~),( , (3.47) 

 

ʜʝ ),1(,, 2ʇC vixx i
tt Í  - ʚʽʜʧʦʚʽʜʥʦ ʩʠʩʪʝʤʘʪʠʯʥʠʡ ʩʠʤʚʦʣ ʢʦʜʝʨʘ ʊʂ ʽ ʧʝʨʝʚʽʨʦʯʥʽ 

ʩʠʤʚʦʣʠ ʜʨʫʛʦʛʦ ʈʉɿʂ ʜʦ ʧʨʦʭʦʜʞʝʥʥʷ ʢʘʥʘʣʫ ʟ ʬʣʫʢʪʫʘʮʽʡʥʠʤ ʰʫʤʦʤ ʽ 

ʥʘʚʤʠʩʥʠʤʠ ʟʘʚʘʜʘʤʠ; ),1(,, 2ʇC viyy i
tt Í  - ʩʠʩʪʝʤʘʪʠʯʥʠʡ ʩʠʤʚʦʣ ʢʦʜʝʨʘ ʊʂ ʽ 
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ʧʝʨʝʚʽʨʦʯʥʽ ʩʠʤʚʦʣʠ ʜʨʫʛʦʛʦ ʈʉɿʂ ʧʽʩʣʷ ʧʨʦʭʦʜʞʝʥʥʷ ʢʘʥʘʣʫ ʟ ʬʣʫʢʪʫʘʮʽʡʥʠʤ 

ʰʫʤʦʤ ʽ ʥʘʚʤʠʩʥʠʤʠ ʟʘʚʘʜʘʤʠ; ʇ3 ʇ3, , (1, )i i

t tx y i vÍ  - ʧʝʨʝʚʽʨʦʯʥʽ ʩʠʤʚʦʣʠ ʪʨʝʪʴʦʛʦ 

ʈʉɿʂ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʦʭʦʜʞʝʥʥʷ ʪʘ ʧʽʩʣʷ ʧʨʦʭʦʜʞʝʥʥʷ ʢʘʥʘʣʫ ʟ 

ʬʣʫʢʪʫʘʮʽʡʥʠʤ ʰʫʤʦʤ ʽ ʥʘʚʤʠʩʥʠʤʠ ʟʘʚʘʜʘʤʠ; )( ʉ2
ta xL  - ʘʧʨʽʦʨʥʘ ʽʥʬʦʨʤʘʮʽʷ 

ʜʨʫʛʦʛʦ ʜʝʢʦʜʝʨʘ; 3 ʉ( )a tL x  - ʘʧʨʽʦʨʥʘ ʽʥʬʦʨʤʘʮʽʷ ʪʨʝʪʴʦʛʦ ʜʝʢʦʜʝʨʘ; ( )RMSEMm  ï 

ʬʫʥʢʮʽʷ ʧʨʠʥʘʣʝʞʥʦʩʪʽ, cL  - ʧʘʨʘʤʝʪʨ ʢʘʥʘʣʴʥʦʾ çʥʘʜʽʡʥʦʩʪʽè, ʷʢʠʡ ʚʨʘʭʦʚʫʻ 

ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ-ʟʘʚʘʜʘ ʚ ʢʘʥʘʣʽ; v  ï ʢʽʣʴʢʽʩʪʴ ʧʝʨʝʚʽʨʦʯʥʠʭ ʩʠʤʚʦʣʽʚ ʈʉɿʂ, 

1v q= -, ʜʝ q  ï ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʩʠʤʚʦʣʽʚ ʈʉɿʂ (ʩʠʩʪʝʤʘʪʠʯʥʠʡ ʽ ʧʝʨʝʚʽʨʦʯʥʽ). 

4. ʆʙʯʠʩʣʝʥʥʷ ʧʨʷʤʠʭ ʨʝʢʫʨʩʽʡ ʜʣʷ ʧʨʠʡʥʷʪʦʛʦ ʙʣʦʢʫ ʜʣʷ ʧʦʪʦʯʥʦʛʦ 

ʜʝʢʦʜʝʨʘ ʪʘ ʽʪʝʨʘʮʽʾ ʜʝʢʦʜʫʚʘʥʥʷ: 
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[ ] )(),()(
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5. ʈʦʟʨʘʭʫʥʦʢ ʟʚʦʨʦʪʥʠʭ ʨʝʢʫʨʩʽʡ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʪʦʯʥʦʛʦ ʜʝʢʦʜʝʨʘ ʪʘ 

ʽʪʝʨʘʮʽʾ ʜʝʢʦʜʫʚʘʥʥʷ ʜʣʷ ʧʨʠʡʥʷʪʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʙʣʦʢʫ: 
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6. ʆʙʯʠʩʣʝʥʥʷ ʤʦʜʠʬʽʢʦʚʘʥʦʾ çʟʦʚʥʽʰʥʴʦʾè ʽʥʬʦʨʤʘʮʽʾ ʟʘ ʚʠʨʘʟʘʤʠ ʜʣʷ 

ʧʦʪʦʯʥʦʛʦ ʜʝʢʦʜʝʨʘ, ʽʪʝʨʘʮʽʾ ʜʝʢʦʜʫʚʘʥʥʷ ʪʘ ʧʨʠʡʥʷʪʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʙʣʦʢʫ:  

 

1, C 1, C( ) ( )n n

e t e tL x L x* = Öm, 2, C 2, C( ) ( )n n

e t e tL x L x* = Öm, 3, C 3, C( ) ( )n n

e t e tL x L x* = Öm. (3.54) 

 

7. ʇʝʨʝʚʽʨʢʘ ʫʤʦʚʠ. ʏʠ ʦʩʪʘʥʥʽʡ ʜʝʢʦʜʝʨ ʚ ʽʪʝʨʘʮʽʾ? ʗʢʱʦ ʪʘʢ, ʪʦ ʧʝʨʝʡʪʠ 

ʜʦ ʧ. 8. ʗʢʱʦ ʥʽ ï ʜʦ ʧ. 3. 
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8. ʇʝʨʝʚʽʨʢʘ ʫʤʦʚʠ. ʏʠ ʦʩʪʘʥʥʷ ʽʪʝʨʘʮʽʷ ʜʝʢʦʜʫʚʘʥʥʷ? ʗʢʱʦ ʪʘʢ, ʪʦ 

ʧʝʨʝʡʪʠ ʜʦ ʧ. 9. ʗʢʱʦ ʥʽ ï ʜʦ ʧ. 3. 

9. ʇʦʨʽʚʥʶʶʯʠ ʟʥʘʯʝʥʥʷ ʚʠʭʽʜʥʦʛʦ ʃɺʌʇ ʜʨʫʛʦʛʦ ʯʠ ʪʨʝʪʴʦʛʦ ʜʝʢʦʜʝʨʘ ʟ 

ʧʦʨʦʛʦʚʠʤ ʟʥʘʯʝʥʥʷʤ, ʧʨʠʡʤʘʶʪʴʩʷ ʨʽʰʝʥʥʷ ʧʨʦ ʜʝʢʦʜʦʚʘʥʽ ʙʽʪʠ. 

10. ʇʝʨʝʚʽʨʢʘ ʫʤʦʚʠ (3.41). ʗʢʱʦ ʫʤʦʚʘ ʚʠʢʦʥʫʻʪʴʩʷ, ʪʦ ʟʥʘʯʝʥʥʷ 

ʝʣʝʤʝʥʪʽʚ ʤʘʩʠʚʫ ʜʘʥʠʭ vT  ʟʘʣʠʰʘʶʪʴʩʷ ʥʝ ʟʤʽʥʥʠʤʠ. ʗʢʱʦ ʫʤʦʚʘ (3.41) ʥʝ 

ʚʠʢʦʥʫʻʪʴʩʷ, ʪʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʽʥʘ ʤʘʩʠʚʫ ʜʘʥʠʭ vT . 

ɺʽʜʤʽʥʥʽʩʪʴ ʨʦʟʨʦʙʣʝʥʦʛʦ ʤʝʪʦʜʫ ʚʽʜ ʽʩʥʫʶʯʠʭ, ʱʦ ʚʠʟʥʘʯʘʻ ʡʦʛʦ 

ʥʦʚʠʟʥʫ, ʧʦʣʷʛʘʻ ʚ ʚʠʢʦʨʠʩʪʘʥʥʽ ʬʫʥʢʮʽʾ ʧʨʠʥʘʣʝʞʥʦʩʪʽ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ 

ʧʝʨʝʭʽʜʥʠʭ ʨʝʢʫʨʩʽʡ ʪʘ ʣʦʛʘʨʠʬʤʽʯʥʠʭ ʚʽʜʥʦʰʝʥʴ ʬʫʥʢʮʽʡ ʧʨʘʚʜʦʧʦʜʽʙʥʦʩʪʽ ʫ 

ʘʣʛʦʨʠʪʤʘʭ ʜʝʢʦʜʫʚʘʥʥʷ ʊʂ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʜʘʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ɹɿʇɼ. 

 

3.3. ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ 

ʤʝʪʦʜʫ 

 

ɼʣʷ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʤʝʪʦʜʫ ʙʫʣʘ 

ʨʦʟʨʦʙʣʝʥʘ ʩʪʘʪʠʩʪʠʯʥʘ ʽʤʽʪʘʮʽʡʥʘ ʤʦʜʝʣʴ ɹɿʇɼ ʟ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʤʠ ʪʫʨʙʦ 

ʢʦʜʘʤʠ ʫ ʷʢʽʡ ʟʘʟʥʘʯʝʥʠʡ ʤʝʪʦʜ ʨʝʘʣʽʟʦʚʘʥʦ ʧʨʦʛʨʘʤʥʦ (ʨʠʩ. 3.8) [71]. 

ɼʣʷ ʩʧʨʦʱʝʥʥʷ ʨʦʟʫʤʽʥʥʷ ʧʨʦʮʝʩʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʩʭʝʤʘ ʟʦʙʨʘʞʝʥʘ ʫ 

ʚʠʛʣʷʜʽ ʚʽʜʦʢʨʝʤʣʝʥʠʭ ʤʦʜʫʣʽʚ. ʇʽʜ ʤʦʜʫʣʝʤ ʨʦʟʫʤʽʻʪʴʩʷ ʥʘʙʽʨ ʨʦʟʨʘʭʫʥʢʽʚ, ʷʢʽ 

ʚʠʢʦʥʫʶʪʴʩʷ ʟʘ ʧʝʚʥʠʤ ʘʣʛʦʨʠʪʤʦʤ.  

ʄʦʜʫʣʴ 1 ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʛʝʥʝʨʘʪʦʨ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʭ ʯʠʩʝʣ, ʷʢʠʡ 

ʚʠʜʘʻ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʫ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʫʥʢʮʽʾ random() ʤʦʚʠ 

ʉ++. 

ʄʦʜʫʣʴ 2 ʟʜʽʡʩʥʶʻ ʤʦʜʝʣʶʚʘʥʥʷ ʢʦʜʫʚʘʥʥʷ ʧʝʨʝʜʘʥʦʾ ʟ ʜʞʝʨʝʣʘ ʜʘʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟʽ ʩʭʝʤʦʶ ʨʠʩ. 3.3 ʘʙʦ ʨʠʩ. 3.6.  

ʄʦʜʫʣʴ 3 ʤʦʜʝʣʶʻ ʤʦʜʫʣʷʮʽʶ ʅʏ ʧʝʨʝʜʘʥʠʭ ʢʦʜʦʚʘʥʠʭ ʩʠʤʚʦʣʽʚ ʟ 

ʢʦʜʝʨʘ ʊʂ. 
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ʄʦʜʝʣʶʚʘʥʥʷ ʜʠʩʢʨʝʪʥʦ-ʥʝʧʝʨʝʨʚʥʦʛʦ ʢʘʥʘʣʫ ʟʚôʷʟʢʫ ʟ ʨʦʟʰʠʨʝʥʥʷʤ 

ʩʧʝʢʪʨʫ ʤʝʪʦʜʦʤ ʇʇʈʏ, ʄ-ʧʦʟʠʮʽʡʥʠʤʠ ʩʠʛʥʘʣʘʤʠ, ʬʣʫʢʪʫʘʮʽʡʥʠʤ ʰʫʤʦʤ ʽ 

ʥʘʚʤʠʩʥʠʤʠ ʟʘʚʘʜʘʤʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʤʦʜʫʣʽ 4.  

ʄʦʜʫʣʴ 5 ʟʜʽʡʩʥʶʻ ʤʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʢʚʘʜʨʘʪʫʨʥʠʭ ʩʢʣʘʜʦʚʠʭ 

ʩʠʛʥʘʣʽʚ. 

ʋ ʤʦʜʫʣʽ 6 ʚʽʜʙʫʚʘʻʪʴʩʷ ʤʦʜʝʣʶʚʘʥʥʷ ʽʪʝʨʘʪʠʚʥʦʛʦ ʜʝʢʦʜʫʚʘʥʥʷ 

ʧʨʠʡʥʷʪʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ (ʧʨʠ ʮʴʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʜʚʦʭʢʦʤʧʦʥʝʥʪʥʽ ʘʙʦ ʪʨʴʦʭʢʦʤʧʦʥʝʥʪʥʽ ʜʝʢʦʜʝʨʠ ʊʂ) ʟ ʚʠʭʦʜʫ ʤʦʜʫʣʷ 5 ʫ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʦʙʨʘʥʠʤ ʤʦʜʠʬʽʢʦʚʘʥʠʤ ʘʣʛʦʨʠʪʤʦʤ ʜʝʢʦʜʫʚʘʥʥʷ Max Log 

Map.  

ʄʦʜʫʣʴ 7 ʨʦʟʨʘʭʦʚʫʻ ʩʝʨʝʜʥʶ ʡʤʦʚʽʨʥʽʩʪʴ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʜʝʢʦʜʫʚʘʥʥʷ 

ʜʝʢBP  ʜʣʷ ʟʘʜʘʥʦʾ ʟʘʚʘʜʦʚʦʾ ʦʙʩʪʘʥʦʚʢʠ ʙʝʟʧʦʩʝʨʝʜʥʶ ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ 

ʧʝʨʝʜʘʥʦʾ ʽ ʧʨʠʡʥʷʪʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ. 

ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 3.9, 3.10, 3.11. ʅʘ ʨʠʩ. 3.9 

ʧʦʢʘʟʘʥʦ ʛʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʩʝʨʝʜʥʴʦʾ ʡʤʦʚʽʨʥʦʩʪʽ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʜʝʢʦʜʫʚʘʥʥʷ 

ʜʝʢBP  ʚʽʜ ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ-ʟʘʚʘʜʘ 2

jh  ʜʣʷ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ ( )i

D RMSEm  

ʄʦʜʫʣʴ 1 

ɼʞʝʨʝʣʦ ʜʘʥʠʭ 

ʄʦʜʫʣʴ 2 

ʂʦʜʝʨ ʊʂ 
ʄʦʜʫʣʴ 3 

ʄʦʜʫʣʷʪʦʨ ʅʏ 

ʄʦʜʫʣʴ 4 

ʂʘʥʘʣ ʟ ʰʫʤʦʤ 

ʪʘ ʟʘʚʘʜʘʤʠ 

ʄʦʜʫʣʴ 5 

ʇʝʨʝʪʚʦʨʝʥʥʷ 

ʢʚʘʜʨʘʪʫʨʥʠʭ 

ʩʢʣʘʜʦʚʠʭ 

ʄʦʜʫʣʴ 6 

ɯʪʝʨʘʪʠʚʥʠʡ 

ʜʝʢʦʜʝʨ ʊʂ 

ʄʦʜʫʣʴ 7 

ʈʦʟʨʘʭʫʥʦʢ 

   

 

 

  

ʈʠʩ. 3.8. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʩʪʘʪʠʩʪʠʯʥʦʾ ʽʤʽʪʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʬʽʟʠʯʥʦʛʦ ʨʽʚʥʷ 

ʧʨʦʛʨʘʤʦʚʘʥʦʾ ʨʘʜʽʦʩʪʘʥʮʽʾ ʟ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʤʠ ʪʫʨʙʦ ʢʦʜʘʤʠ 
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, 

ʜɹ 
ʈʠʩ. 3.9. ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ  ʚʽʜ ɺʉɿ  ʜʣʷ ʨʽʟʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ  

ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʦʜʫʣʷʮʽʾ ʌʄ-2, ʊʂ ʟ ʜʚʦʭʢʦʤʧʦʥʝʥʪʥʠʤʠ ʢʦʜʝʨʘʤʠ 

(ʜʝʢʦʜʝʨʘʤʠ), ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʤ ʧʝʨʝʤʝʞʫʚʘʯʝʤ, , ʘʣʛʦʨʠʪʤʦʤ 

ʜʝʢʦʜʫʚʘʥʥʷ Max Log Map, 8 ̔ʪʝʨʘʮʡ̔ ʜʝʢʦʜʠʨʦʚʘʥʥ̫ , ʰʚʠʜʢʽʩʪʶ ʢʦʜʫʚʘʥʥʷ 

ʊʂ R = 1/3 ʧʨʠ ʚʧʣʠʚʽ ʐɿʏʉ ( )  ̔ʬʣʫʢʪʫʘʮʽʡʥʦʛʦ ʰʫʤʫ ( ) 

 

 

 

 

ʜɹ 
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, 

ʜɹ 
ʈʠʩ. 3.10. ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ  ʚʽʜ ɺʉɿ  ʜʣʷ ʨʽʟʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ  

ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʦʜʫʣʷʮʽʾ ʌʄ-2, ʊʂ ʟ ʪʨʴʦʭʢʦʤʧʦʥʝʥʪʥʠʤʠ ʢʦʜʝʨʘʤʠ 

(ʜʝʢʦʜʝʨʘʤʠ), ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʤ ʧʝʨʝʤʝʞʫʚʘʯʝʤ, , ʘʣʛʦʨʠʪʤʦʤ 

ʜʝʢʦʜʫʚʘʥʥʷ Max Log Map, 8 ̔ʪʝʨʘʮʡ̔ ʜʝʢʦʜʠʨʦʚʘʥʥ̫ , ʰʚʠʜʢʽʩʪʶ ʢʦʜʫʚʘʥʥʷ 

ʊʂ R = 1/3 ʧʨʠ ʚʧʣʠʚʽ ʐɿʏʉ ( )  ̔ʬʣʫʢʪʫʘʮʽʡʥʦʛʦ ʰʫʤʫ ( ) 

 

 

 

 

 

 

ʜɹ 
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, 

ʜɹ 
ʈʠʩ. 3.11. ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ  ʚʽʜ ɺʉɿ  ʜʣʷ ʢʦʝʬʽʮʽʻʥʪʽʚ  ʪʘ 

 ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʦʜʫʣʷʮʽʾ ʌʄ-2, ʊʂ ʟ ʜʚʦʭ- ʪʘ 

ʪʨʴʦʭʢʦʤʧʦʥʝʥʪʥʠʤʠ ʢʦʜʝʨʘʤʠ (ʜʝʢʦʜʝʨʘʤʠ), ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʤ 

ʧʝʨʝʤʝʞʫʚʘʯʝʤ, , ʘʣʛʦʨʠʪʤʦʤ ʜʝʢʦʜʫʚʘʥʥʷ Max Log Map, Log Map 8 

ʪ̔ʝʨʘʮʡ̔ ʜʝʢʦʜʠʨʦʚʘʥʥ̫ , ʰʚʠʜʢʽʩʪʶ ʢʦʜʫʚʘʥʥʷ ʊʂ R = 1/3 ʧʨʠ ʚʧʣʠʚʽ ʐɿʏʉ  

( )  ̔ʬʣʫʢʪʫʘʮʽʡʥʦʛʦ ʰʫʤʫ ( ) 

 

 

 

 

 

ʜɹ 

3 ʜʝʢʦʜʝʨʘ 

 (Max Log Map),  
 

2 ʜʝʢʦʜʝʨʘ 

 (Max Log Map),  
 

2 ʜʝʢʦʜʝʨʘ 

 (Log Map),  
 

2 ʜʝʢʦʜʝʨʘ 

 (Max Log Map),  
 

3 ʜʝʢʦʜʝʨʘ 

 (Log Map),  
 

3 ʜʝʢʦʜʝʨʘ 

 (Max Log Map),  
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ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʦʜʫʣʷʮʽʾ ʌʄ-2, ʊʂ ʟ ʜʚʦʭʢʦʤʧʦʥʝʥʪʥʠʤʠ ʢʦʜʝʨʘʤʠ 

(ʜʝʢʦʜʝʨʘʤʠ), ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʤ ʧʝʨʝʤʝʞʫʚʘʯʝʤ, 1000=N , ʘʣʛʦʨʠʪʤʦʤ 

ʜʝʢʦʜʫʚʘʥʥʷ Max Log Map, 8 ʽʪʝʨʘʮʽʡ ʜʝʢʦʜʫʚʘʥʥʷ, ʰʚʠʜʢʽʩʪʶ ʢʦʜʫʚʘʥʥʷ ʊʂ  

R = 1/3 ʧʨʠ ʚʧʣʠʚʽ ʐɿʏʉ (1=g ) ʽ ʬʣʫʢʪʫʘʮʽʡʥʦʛʦ ʰʫʤʫ (58,92

0 =h  ʜɹ). ɸʥʘʣʽʟ 

ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʧʦʢʘʟʫʻ, ʱʦ ʚʧʣʠʚ ʧʘʨʘʤʝʪʨʘ ( )2 0,8i

D RMSE+m =  ʚ ʘʣʛʦʨʠʪʤʽ 

ʜʝʢʦʜʫʚʘʥʥʷ Max Log Map ʜʦʟʚʦʣʷʻ ʦʜʝʨʞʘʪʠ ʝʥʝʨʛʝʪʠʯʥʠʡ ʚʠʛʨʘʰ 0,2 ʜɹ ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʘʨʘʤʝʪʨʫ ( )2 1,0i

D RMSE+m =  ʧʨʠ ʟʘʙʝʟʧʝʯʝʥʥʽ ʟʘʜʘʥʦʛʦ 

ʟʥʘʯʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʚ ɹɿʇɼ.  

ɿʘʣʝʞʥʽʩʪʴ ʩʝʨʝʜʥʴʦʾ ʡʤʦʚʽʨʥʦʩʪʽ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʜʝʢʦʜʫʚʘʥʥʷ ʜʝʢBP  ʚʽʜ 

ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ-ʟʘʚʘʜʘ 2

jh  ʜʣʷ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ ( ) 0,8i

D RMSEm =  ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʦʜʫʣʷʮʽʾ ʌʄ-2, ʊʂ ʟ ʪʨʴʦʭʢʦʤʧʦʥʝʥʪʥʠʤʠ ʢʦʜʝʨʘʤʠ 

(ʜʝʢʦʜʝʨʘʤʠ), ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʤ ʧʝʨʝʤʝʞʫʚʘʯʝʤ, 1000=N , ʘʣʛʦʨʠʪʤʦʤ 

ʜʝʢʦʜʫʚʘʥʥʷ Max Log Map, 8 ʽʪʝʨʘʮʽʡ ʜʝʢʦʜʫʚʘʥʥʷ, ʰʚʠʜʢʽʩʪʶ ʢʦʜʫʚʘʥʥʷ ʊʂ R 

= 1/3 ʧʨʠ ʚʧʣʠʚʽ ʐɿʏʉ (1=g ) ʽ ʬʣʫʢʪʫʘʮʽʡʥʦʛʦ ʰʫʤʫ (consth =2

0 ) ʧʦʢʘʟʘʥʘ ʥʘ 

ʨʠʩ. 3.10. ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʘʨʘʤʝʪʨʫ ( )4 0,6i

D RMSE+m =  ʚ ʘʣʛʦʨʠʪʤʽ ʜʝʢʦʜʫʚʘʥʥʷ 

ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʚ 1,25 

ʨʘʟʽʚ (1 ʜɹ) ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʘʨʘʤʝʪʨʫ ( ) 1,0i

D RMSEm = . 

ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʩʝʨʝʜʥʴʦʾ ʡʤʦʚʽʨʥʦʩʪʽ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʜʝʢʦʜʫʚʘʥʥʷ 

ʜʝʢBP  ʚʽʜ ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ-ʟʘʚʘʜʘ 2

jh  ʜʣʷ ʧʘʨʘʤʝʪʨʽʚ ( ) 1,0i

D RMSEm =  ʪʘ ( )2

opt

i i

D DRMSE+m =m  

ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʦʜʫʣʷʮʽʾ ʌʄ-2, ʊʂ ʟ ʜʚʦʭ- ʪʘ ʪʨʴʦʭʢʦʤʧʦʥʝʥʪʥʠʤʠ 

ʢʦʜʝʨʘʤʠ (ʜʝʢʦʜʝʨʘʤʠ), ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʤ ʧʝʨʝʤʝʞʫʚʘʯʝʤ, 1000=N , 

ʘʣʛʦʨʠʪʤʦʤ ʜʝʢʦʜʫʚʘʥʥʷ Max Log Map, Log Map, 8 ʽʪʝʨʘʮʽʡ ʜʝʢʦʜʫʚʘʥʥʷ, 

ʰʚʠʜʢʽʩʪʶ ʢʦʜʫʚʘʥʥʷ ʊʂ R = 1/3 ʧʨʠ ʚʧʣʠʚʽ ʐɿʏʉ (1=g ) ʽ ʬʣʫʢʪʫʘʮʽʡʥʦʛʦ 

ʰʫʤʫ (consth =2

0 ) ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩ. 3.11. ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʧʦʢʘʟʫʻ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʪʨʴʦʭʢʦʤʧʦʥʝʥʪʥʠʡ ʢʦʜʝʢ ʟ ʘʣʛʦʨʠʪʤʦʤ ʜʝʢʦʜʫʚʘʥʥʷ Max Log 

Map ʪʘ ʧʘʨʘʤʝʪʨʦʤ ( )4

opt 0,6i i

D DRMSE+m =m =, ʧʽʜʚʠʱʫʻ ʝʥʝʨʛʝʪʠʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʚ 1,2 ʨʘʟʽʚ (0,8 ʜɹ) ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʪʘʥʜʘʨʪʥʦʛʦ 

ʜʚʦʭʢʦʤʧʦʥʝʥʪʥʦʛʦ ʢʦʜʝʢʘ ʟ ʘʣʛʦʨʠʪʤʦʤ ʜʝʢʦʜʫʚʘʥʥʷ Max Log Map ʪʘ 
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ʧʘʨʘʤʝʪʨʦʤ ( ) 1,0i

D RMSEm =  ʧʨʠ ʟʘʙʝʟʧʝʯʝʥʥʽ ʟʘʜʘʥʦʛʦ ʟʥʘʯʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ 

ʽʥʬʦʨʤʘʮʽʾ ʚ ɹɿʇɼ.  

  

ɺʠʩʥʦʚʢʠ ʟʘ ʨʦʟʜʽʣʦʤ 3 

 

1. ɼʦ ʥʦʚʦʛʦ ʥʘʫʢʦʚʦʛʦ ʨʝʟʫʣʴʪʘʪʫ, ʦʜʝʨʞʘʥʦʛʦ ʫ ʮʴʦʤʫ ʨʦʟʜʽʣʽ 

ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ, ʚʽʜʥʦʩʠʪʴʩʷ: 

ɺʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʦʙʯʠʩʣʶʚʘʣʴʥʠʡ ʤʝʪʦʜ ʥʝʯʽʪʢʦʛʦ ʜʝʢʦʜʫʚʘʥʥʷ 

ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʪʫʨʙʦ ʢʦʜʽʚ ʚ ɹɿʇɼ.  

ʉʫʪʥʽʩʪʴ ʤʝʪʦʜʫ ʧʦʣʷʛʘʻ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʬʫʥʢʮʽʡ ʧʨʠʥʘʣʝʞʥʦʩʪʽ ʪʘ 

ʣʦʛʘʨʠʬʤʽʯʥʠʭ ʚʽʜʥʦʰʝʥʴ ʬʫʥʢʮʽʡ ʧʨʘʚʜʦʧʦʜʽʙʥʦʩʪʽ ʧʨʠ ʜʝʢʦʜʫʚʘʥʥʽ ʜʚʦʭ- ʪʘ 

ʪʨʴʦʭʢʦʤʧʦʥʝʥʪʥʠʭ ʪʫʨʙʦ ʢʦʜʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʜʦʤʦʛʦ ʘʣʛʦʨʠʪʤʫ Max Log 

Map. 

2. ɺʽʜʤʽʥʥʽʩʪʴ ʨʦʟʨʦʙʣʝʥʦʛʦ ʤʝʪʦʜʫ ʚʽʜ ʽʩʥʫʶʯʠʭ, ʱʦ ʚʠʟʥʘʯʘʻ ʡʦʛʦ 

ʥʦʚʠʟʥʫ, ʧʦʣʷʛʘʻ ʚ ʚʠʢʦʨʠʩʪʘʥʥʽ ʬʫʥʢʮʽ ʾ ʧʨʠʥʘʣʝʞʥʦʩʪʽ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ 

ʧʝʨʝʭʽʜʥʠʭ ʨʝʢʫʨʩʽʡ ʪʘ ʣʦʛʘʨʠʬʤʽʯʥʠʭ ʚʽʜʥʦʰʝʥʴ ʬʫʥʢʮʽʡ ʧʨʘʚʜʦʧʦʜʽʙʥʦʩʪʽ ʫ 

ʘʣʛʦʨʠʪʤʘʭ ʜʝʢʦʜʫʚʘʥʥʷ ʊʂ. 

3. ʈʦʟʨʦʙʣʝʥʠʡ ʦʙʯʠʩʣʶʚʘʣʴʥʠʡ ʤʝʪʦʜ ʟʘ ʨʘʭʫʥʦʢ ʜʠʥʘʤʽʯʥʦʾ ʟʤʽʥʠ 

ʬʫʥʢʮʽʾ ʧʨʠʥʘʣʝʞʥʦʩʪʽ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʧʝʨʝʭʽʜʥʠʭ ʤʝʪʨʽʢ ʚ ʘʣʛʦʨʠʪʤʘʭ 

ʜʝʢʦʜʫʚʘʥʥʷ ʪʫʨʙʦ ʢʦʜʽʚ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʟʘʜʘʥʽ ʧʦʢʘʟʥʠʢʠ ʜʦʩʪʦʚʽʨʥʦʩʪʽ 

ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʧʽʜʚʠʱʠʪʠ ʝʥʝʨʛʝʪʠʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ɹɿʇɼ ʥʘ 0,2ï0,8 ʜɹ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʽʜʦʤʠʤʠ ʤʝʪʦʜʘʤʠ. ʅʘʧʨʠʢʣʘʜ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʪʨʴʦʭʢʦʤʧʦʥʝʥʪʥʠʡ ʢʦʜʝʢ ʟ ʘʣʛʦʨʠʪʤʦʤ ʜʝʢʦʜʫʚʘʥʥʷ Max Log Map ʪʘ 

ʧʘʨʘʤʝʪʨʦʤ ( )6 0,6i

D RMSE+m = , ʤʦʞʥʘ ʧʽʜʚʠʱʠʪʠ ʝʥʝʨʛʝʪʠʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚ 1,2 ʨʘʟʽʚ 

(0,8 ʜɹ) ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʪʘʥʜʘʨʪʥʦʛʦ ʜʚʦʭʢʦʤʧʦʥʝʥʪʥʦʛʦ ʢʦʜʝʢʘ 

ʟ ʘʣʛʦʨʠʪʤʦʤ ʜʝʢʦʜʫʚʘʥʥʷ Max Log Map ʪʘ ʧʘʨʘʤʝʪʨʦʤ ( ) 1,0i

D RMSEm =  ʧʨʠ 

ʟʘʙʝʟʧʝʯʝʥʥʽ ʟʘʜʘʥʦʛʦ ʟʥʘʯʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʚ ɹɿʇɼ. 

ʆʩʥʦʚʥʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ, ʦʪʨʠʤʘʥʽ ʚ ʮʴʦʤʫ ʨʦʟʜʽʣʽ, ʦʧʫʙʣʽʢʦʚʘʥ ̔ʫ 

ʩʪʘʪʪʷʭ [58, 64], ʫ ʪʝʟʘʭ ʜʦʧʦʚʽʜʝʡ ʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ [66,68], 
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ʧʨʦʛʨʘʤʥʠʡ ʧʨʦʜʫʢʪ ʧʽʜʪʚʝʨʜʞʝʥʠʡ ʘʚʪʦʨʩʴʢʠʤ ʩʚʽʜʦʮʪʚʦʤ [71]. ʆʩʥʦʚʥʠʡ 

ʨʝʟʫʣʴʪʘʪ ʨʦʟʜʽʣʫ ʟʘʭʠʱʝʥʠʡ ʧʘʪʝʥʪʘʤʠ ʥʘ ʢʦʨʠʩʥʫ ʤʦʜʝʣʴ [69, 70]. 
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ʈʆɿɼɯʃ 4. ʄɽʊʆɼ ʇɯɼɻʆʊʆɺʂʀ ʇɽʈɺʀʅʅʆɰ ɯʅʌʆʈʄɸʎɯɰ ɼʃʗ 

ɸɼɸʇʊʀɺʅʀʍ ɹɽɿʇʈʆɺʆɼʆɺʀʍ ɿɸʉʆɹɯɺ ʇɽʈɽɼɸʏɯ ɼɸʅʀʍ 

 

4.1. ʄʘʪʝʤʘʪʠʯʥʠʡ ʘʧʘʨʘʪ ʘʥʘʣʽʟʫ ʦʧʪʠʤʘʣʴʥʦʾ ʩʪʨʘʪʝʛʽʾ ʟʘʚʘʜ 

 

ɺ [145, 146] ʜʦʚʝʜʝʥʘ ʬʦʨʤʫʣʘ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʡʤʦʚʽʨʥʦʩʪʽ ʧʦʤʠʣʢʠ ʥʘ 

ʙʽʪ ʧʨʠ ʤʘʥʽʧʫʣʷʮʽʡʥʦʤʫ ʢʦʜʽ ɻʨʝʷ ʜʣʷ ʤʦʜʫʣʷʮʽʾ ʌʄ-ʄ, ʄ > 2: 
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ʧʨʠ 3²i , ʜʝ MhGEh mm 2
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2 log/ ==  ï ʚʽʜʥʦʰʝʥʥʷ ʝʥʝʨʛʽʾ ʩʠʛʥʘʣʫ ʜʦ 
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p
= ñ  ï ʬʫʥʢʮʽʷ ɼ. ʆʫʵʥʘ, 

ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʬʫʥʢʮʽʾ ʜʚʦʚʠʤʽʨʥʦʛʦ ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʾ ʡʤʦʚʽʨʥʦʩʪʽ ʧʦʤʠʣʢʠ ʥʘ ʙʽʪ ʽʩʥʫʻ ʬʦʨʤʫʣʘ [145]: 

ä
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=
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P
1

1
. (4.3) 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʡʤʦʚʽʨʥʦʩʪʽ ʧʦʤʠʣʢʠ ʥʘ ʙʽʪ ʧʨʠ ʤʦʜʫʣʷʮʽʾ ʌʄ-2 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘʩʪʫʧʥʘ ʪʦʯʥʘ ʬʦʨʤʫʣʘ [21]: 
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. (4.4) 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ (4.1), (4.3) ʩʝʨʝʜʥʷ ʡʤʦʚʽʨʥʽʩʪʴ ʧʦʤʠʣʢʠ ʥʘ ʙʽʪ ʧʨʠ ʤʦʜʫʣʷʮʽʾ 

ʌʄ-4 ʚʠʟʥʘʯʘʻʪʴʩʷ: 
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ʊ.ʯ. ʩʝʨʝʜʥʽ ʡʤʦʚʽʨʥʦʩʪʽ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʜʣʷ ʤʦʜʫʣʷʮʽʡ ʌʄ-2 ʽ ʌʄ-4 ʨʽʚʥʽ 

ʧʨʠ ʪʦʯʥʠʭ ʬʦʨʤʫʣʘʭ ʨʦʟʨʘʭʫʥʢʫ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʾ ʡʤʦʚʽʨʥʦʩʪʽ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʜʣʷ ʤʦʜʫʣʷʮʽʾ ʌʄ-

8 ʚʠʟʥʘʯʘʶʪʴʩʷ ʡʤʦʚʽʨʥʦʩʪʽ 321 ,, bbb PPP : 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʩʝʨʝʜʥʷ ʡʤʦʚʽʨʥʽʩʪʴ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʧʨʠ ʤʦʜʫʣʷʮʽʾ ʌʄ-8 
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ʇʨʠ ʚʧʣʠʚʽ ʰʫʤʦʚʦʾ ʟʘʛʦʨʦʜʞʫʚʘʣʴʥʦʾ ʟʘʚʘʜʠ ʥʘ ʧʨʦʛʨʘʤʦʚʘʥʫ 

ʨʘʜʽʦʩʪʘʥʮʽʶ ʟ ʇʇʈʏ  ʧʘʨʘʤʝʪʨ 2

0h  ʧʝʨʝʪʚʦʨʠʪʴʩʷ ʚ 
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01 , (4.9) 

ʜʝ jG  - ʩʧʝʢʪʨʘʣʴʥʘ ʱʽʣʴʥʽʩʪʴ ʧʦʪʫʞʥʦʩʪʽ ʥʘʚʤʠʩʥʦʾ ʟʘʚʘʜʠ.  

ɼʣʷ ʰʫʤʦʚʦʾ ʟʘʚʘʜʠ ʚ ʯʘʩʪʠʥʽ ʩʤʫʛʠ ʧʘʨʘʤʝʪʨ 2

02 jh  ʙʫʜʝ ʚʠʟʥʘʯʝʥʠʡ ʷʢ 

g
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=
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b
j G
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E
h
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, 

(4.10) 

ʜʝ g ï ʯʘʩʪʠʥʘ ʩʤʫʛʠ ʯʘʩʪʦʪ, ʜʝ ʻ ʧʨʠʩʫʪʥʷ ʟʘʚʘʜʘ.  

ʋ ʚʠʧʘʜʢʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʩʪʘʥʦʚʥʠʢʦʤ ʟʘʚʘʜ ʟʘʚʘʜʠ ʫ ʚʽʜʧʦʚʽʜʴ 2

03jh  ʙʫʜʝ 

ʤʘʪʠ ʚʠʛʣʷʜ  
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ʆʜʥʽʻʶ ʟ ʚʘʞʣʠʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɹɿʇɼ ʽʟ ʨʦʟʰʠʨʝʥʥʷʤ ʩʧʝʢʪʨʘ ʟ ʧʦʛʣʷʜʫ 

ʟʘʚʘʜʦʩʪʽʡʢʦʩʪʽ ʻ ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʰʠʨʝʥʥʷ ʩʧʝʢʪʨʘ Ks. ʎʝʡ ʢʦʝʬʽʮʽʻʥʪ 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʤʽʨʫ ʟʙʽʣʴʰʝʥʥʷ ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ-ʟʘʚʘʜʘ ʚ ʨʝʟʫʣʴʪʘʪʽ ʟʛʦʨʪʘʥʥʷ 

ʨʦʟʰʠʨʝʥʦʾ ʩʤʫʛʠ ʯʘʩʪʦʪ ʨʘʜʽʦʩʠʛʥʘʣʫ ʡ ʧʨʠʚʝʜʝʥʥʷ ʾʾ ʜʦ ʩʤʫʛʠ ʯʘʩʪʦʪ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ. ʂʦʝʬʽʮʽʻʥʪ ʨʦʟʰʠʨʝʥʥʷ ʩʧʝʢʪʨʘ Ks ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʚʠʨʘʞʝʥʥʷʤ: 
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s
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= , (4.12) 

ʜʝ ȹFS  ï ʩʤʫʛʘ ʯʘʩʪʦʪ, ʟʘʡʤʘʥʘ ʩʠʛʥʘʣʦʤ, FS ï ʰʠʨʠʥʘ ʩʤʫʛʠ ʦʜʥʦʛʦ ʯʘʩʪʦʪʥʦʛʦ 

ʢʘʥʘʣʫ. ʇʨʠ ʨʦʟʰʠʨʝʥʥʽ ʩʧʝʢʪʨʘ ʤʝʪʦʜʦʤ ʇʇʈʏ ʟʘʛʘʣʴʥʘ ʩʤʫʛʘ ʯʘʩʪʦʪ

h

f

s
T

Ma
F

Ö
²D , ʜʝ Mf ï ʯʠʩʣʦ ʯʘʩʪʦʪʥʠʭ ʢʘʥʘʣʽʚ, Th ï ʪʨʠʚʘʣʽʩʪʴ ʩʪʨʠʙʢʘ ʯʘʩʪʦʪʠ, 

hT

a
 ï ʯʘʩʪʦʪʥʠʡ ʽʥʪʝʨʚʘʣ, ʟʥʘʯʝʥʥʷ ʷʢʦʛʦ ʚʠʙʠʨʘʻʪʴʩʷ ʟ ʫʤʦʚʠ ʙʽʣʴʰ ʧʦʚʥʦʛʦ 

ʚʠʢʣʶʯʝʥʥʷ ʚʧʣʠʚʫ ʩʫʤʽʞʥʠʭ ʢʘʥʘʣʽʚ ʦʜʠʥ ʥʘ ʦʜʥʦʛʦ. ɿʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ ʘ, ʷʢ 

ʧʨʘʚʠʣʦ, ʚʠʙʠʨʘʻʪʴʩʷ ʚ ʤʝʞʘʭ 1é2. ɿ ʦʙʣʽʢʦʤ ʮʴʦʛʦ, ʚʠʨʘʟ (4.12) ʧʝʨʝʧʠʰʝʪʴʩʷ 

ʪʘʢʠʤ ʯʠʥʦʤ: 
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= . (4.13) 

ʗʢʱʦ ʧʨʠʡʥʷʪʠ, ʱʦ ʚʝʜʝʪʴʩʷ ʧʦʩʠʤʚʦʣʴʥʘ ʧʝʨʝʜʘʯʘ ʟʽ ʰʚʠʜʢʽʩʪʶ 1 

ʩʠʤʚʦʣ/ʩʪʨʠʙʦʢ, ʘ = 1, ʦʪʞʝ 1=Ösh FT , ʪʦ ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʰʠʨʝʥʥʷ ʩʧʝʢʪʨʘ Ks 

ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ ʯʠʩʣʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʯʘʩʪʦʪʥʠʭ ʢʘʥʘʣʽʚ Mf  ʫ ɹɿʇɼ ʽʟ 

ʇʇʈʏ. 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʘ ʨʦʟʰʠʨʝʥʥʷ ʩʧʝʢʪʨʘ Ks ʚʠʨʘʟ (4.9), (4.10) ʧʨʠ 

ʚʧʣʠʚʽ ʰʫʤʦʚʦʾ ʟʘʛʦʨʦʜʞʫʚʘʣʴʥʦʾ ʟʘʚʘʜʠ ʡ ʰʫʤʦʚʦʾ ʟʘʚʘʜʠ ʚ ʯʘʩʪʠʥʽ ʩʤʫʛʠ 

ʚʽʜʧʦʚʽʜʥʦ ʙʫʜʫʪʴ ʤʘʪʠ ʪʘʢʠʡ ʚʠʛʣʷʜ:   
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ʜʝ Pb ï ʧʦʪʫʞʥʽʩʪʴ ʩʠʛʥʘʣʫ, Pj ï ʧʦʪʫʞʥʽʩʪʴ ʟʘʚʘʜʠ, 
j

bs

P

PK
q

Ö
= . 

ʇʨʠ ʟʘʚʘʜʽ ʫ ʚʽʜʧʦʚʽʜʴ Ks ʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ. 

ʇʽʜʩʪʘʚʠʚʰʠ (4.14) ʚ (4.4), (4.5), (4.8) ʟʘʤʽʩʪʴ 2

0h , ʦʜʝʨʞʠʤʦ ʪʦʯʥʽ ʬʦʨʤʫʣʠ 

ʡʤʦʚʽʨʥʦʩʪʽ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʜʣʷ ʩʠʛʥʘʣʫ ʌʄ-2, ʌʄ-4, ʌʄ-8 ʚʽʜʧʦʚʽʜʥʦ ʧʨʠ 

ʚʧʣʠʚʽ ʰʫʤʦʚʦʾ ʟʘʛʦʨʦʜʞʫʚʘʣʴʥʦʾ ʟʘʚʘʜʠ ʥʘ ɹɿʇɼ ʽʟ ʇʇʈʏ: 
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ɯʤʦʚʽʨʥʽʩʪʴ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʧʨʠ ʚʧʣʠʚʽ ʰʫʤʦʚʦʾ ʟʘʚʘʜʠ ʚ ʯʘʩʪʠʥʽ ʩʤʫʛʠ 

ʙʫʜʝ ʤʘʪʠ ʪʘʢʠʡ ʚʠʛʣʷʜ [28]: 

BjBB PPP g+g-= )1(1 . (4.19) 

ʋ ʮʽʡ ʬʦʨʤʫʣʽ BP  ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦ ʬʦʨʤʫʣʽ (4.4) ʜʣʷ ʌʄ-2, ʌʄ-4 ʽ ʧʦ 

ʬʦʨʤʫʣʽ (4.8) ʜʣʷ ʌʄ-8, ʘ BjP  ʰʣʷʭʦʤ ʧʽʜʩʪʘʥʦʚʢʠ (4.15) ʚ (4.4) ʟʘʤʽʩʪʴ 2

0h  ʜʣʷ 

ʌʄ-2, ʌʄ-4 ʽ (4.15) ʚ (4.8) ʟʘʤʽʩʪʴ 2
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ʇʨʠ ʚʧʣʠʚʽ ʟʘʚʘʜʠ ʫ ʚʽʜʧʦʚʽʜʴ ʥʘ ɹɿʇɼ ʡʤʦʚʽʨʥʽʩʪʴ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ 

ʚʠʟʥʘʯʘʻʪʴʩʷ [28]:   

BjBB PPP g+g-= )1(2 . (4.23) 

ʋ ʮʽʡ ʬʦʨʤʫʣʽ BP  ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦ ʬʦʨʤʫʣʽ (4.4) ʜʣʷ ʌʄ-2, ʌʄ-4 ʽ ʧʦ 

ʬʦʨʤʫʣʽ (4.8) ʜʣʷ ʌʄ-8, ʘ BjP  ʰʣʷʭʦʤ ʧʽʜʩʪʘʥʦʚʢʠ (4.11) ʚ (4.4) ʜʣʷ ʌʄ-2, ʌʄ-

4 ʽ ʚ (4.8) ʜʣʷ ʌʄ-8: 

ï ʌʄ-2, ʌʄ-4: 

( ) ( ) ( )( )öö
÷

õ
ææ
ç

å
+g+g-=

--- 11212

0

2

02 22)1( jB hhQhQP , (4.24) 

ï ʌʄ-8: 
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8
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sin62
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ˊ3
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8

ˊ
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ç
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õ
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ç

å
Q+ö

÷

õ
æ
ç
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õ
æ
ç

å
Q+ö
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õ
æ
ç

å
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8

ˊ3
ctg,

8

ˊ3
sin

8

ˊ
ctg,

8

ˊ
sin2

8

ˊ3
sin

8

ˊ
sin

3

1
ɔ TTQQ , (4.25) 

ʜʝ ( ) ( )( )11212

06
---

+=Q jhh , 
j

b
j

G

E
h =2  ï ʚʽʜʥʦʰʝʥʥʷ ʝʥʝʨʛʽʾ ʙʽʪʘ ʜʦ ʩʧʝʢʪʨʘʣʴʥʦʾ 

ʱʽʣʴʥʦʩʪʽ ʧʦʪʫʞʥʦʩʪʽ ʟʘʚʘʜʠ. 

ɺʠʟʥʘʯʠʤʦ ʦʧʪʠʤʘʣʴʥʫ ʟ ʧʦʛʣʷʜʫ ʧʦʩʪʘʥʦʚʥʠʢʘ ʟʘʚʘʜ ʟʘʚʘʜʫ, ʷʢʘ 

ʟʘʙʝʟʧʝʯʠʪʴ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ. ʋ ʮʴʦʤʫ 
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ʚʠʧʘʜʢʫ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʪʽʣʴʢʠ ʰʫʤʦʚʘ ʚ ʯʘʩʪʠʥʽ ʩʤʫʛʠ ʪʘ ʟʘʚʘʜʘ ʫ ʚʽʜʧʦʚʽʜʴ. ʋ 

ʚʠʧʘʜʢʫ ʰʫʤʦʚʦʾ ʟʘʛʦʨʦʜʞʫʚʘʣʴʥʦʾ ʟʘʚʘʜʠ, ʾʾ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʪʫʞʥʽʩʪʶ ʩʪʘʥʮʽʾ ʟʘʚʘʜ.  

ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʨʦʟʚ'ʷʟʘʪʠ ʨʽʚʥʷʥʥʷ 01 =
gd

dPB  ʩʪʦʩʦʚʥʦ ʜʦ (4.20) ʜʣʷ 

ʌʄ-2, ʜʦ (4.21) ʜʣʷ ʌʄ-4 ʽ ʜʦ (4.22) ʜʣʷ ʌʄ-8, ʘ 
2

2

j

B

dh

dP
 ʚʽʜʧʦʚʽʜʥʦ ʜʦ (4.24) ʜʣʷ 

ʌʄ-2, ʌʄ-4 ʽ ʜʦ (4.25) ʜʣʷ ʌʄ-8. ʆʜʥʘʢ ʧʝʨʝʜ ʪʠʤ ʷʢ ʙʨʘʪʠ ʧʦʭʽʜʥʫ, 

ʥʝʦʙʭʽʜʥʦ ʟʥʘʡʪʠ ʽʥʪʝʛʨʘʣʠ ʫ ʬʫʥʢʮʽʷʭ Q(x), ʽ T(h,a), ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ ʧʝʚʥʽ 

ʪʨʫʜʥʦʱʽ, ʪʦʤʫ ʱʦ ʚʦʥʠ ʥʝ ʨʦʟʢʣʘʜʫʶʪʴʩʷ ʚ ʝʣʝʤʝʥʪʘʨʥʫ ʬʫʥʢʮʽʶ, ʡ ʟʥʘʡʪʠ ʾʭ 

ʤʦʞʥʘ ʪʽʣʴʢʠ ʯʠʩʝʣʴʥʠʤʠ ʤʝʪʦʜʘʤʠ. ɺ [146] ʧʦʢʘʟʘʥʘ ʘʧʨʦʢʩʠʤʘʮʽʷ ʽʥʪʝʛʨʘʣʘ 

ʡʤʦʚʽʨʥʦʩʪʽ ʚʠʜʫ:() ( )( )275,044,0exp65,0 +-Öº xxQ , ʘ ʬʫʥʢʮʽʾ ʆʫʵʥʘ [146]:  

( ) ( )ä ä
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å
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+
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1
1

2

1

2

arctg
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n
n

m
m

m
n

a
m

hh

n

a
ahT . 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʘʧʨʦʢʩʠʤʘʮʽʾ ʽʥʪʝʛʨʘʣʘ ʡʤʦʚʽʨʥʦʩʪʽ ʬʦʨʤʫʣʠ (4.20), (4.21) 

ʧʨʠ ʚʧʣʠʚʽ ʰʫʤʦʚʦʾ ʟʘʚʘʜʠ ʚ ʯʘʩʪʠʥʽ ʩʤʫʛʠ ʚʽʜʧʦʚʽʜʥʦ ʜʣʷ ʤʦʜʫʣʷʮʽʡ ʌʄ-2, 

ʌʄ-4 ʙʫʜʫʪʴ ʤʘʪʠ ʪʘʢʠʡ ʚʠʛʣʷʜ: 

ï ʌʄ-2: 

( ) +ö
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õ
æ
ç

å
+-ÖÖg-º

2
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0 75,0244,0exp65,0 qh . (4.26) 

ï ʌʄ-4: 
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2
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1
12

0 75,0
2

244,0exp65,0
q

h . (4.27) 

ɺʽʜʧʦʚʽʜʥʦ ʜʣʷ ʟʘʚʘʜʠ ʫ ʚʽʜʧʦʚʽʜʴ ʪʘ ʤʦʜʫʣʷʮʽʾ ʌʄ-2, ʌʄ-4 ʬʦʨʤʫʣʘ 

(4.24) ʧʝʨʝʧʠʰʝʪʴʩʷ: 
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0 75,0244,0exp65,0 jhh . (4.28) 

ʇʦʭʽʜʥʽ 
gd

dPB1  ʚʽʜ ʬʫʥʢʮʽʡ (4.26), (4.27) ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ

0GG j >> , 0GEb >>  ʙʫʜʫʪʴ ʤʘʪʠ ʪʘʢʠʡ ʚʠʛʣʷʜ: 

ï ʌʄ-2: 

( ) ³Ö
Ög

+g
gÖ-ö

÷
õæ

ç
å +g-Ö=

g
2

75,02
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dPB   
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2

75,0244,0exp q , (4.29) 

ï ʌʄ-4: 

( ) ³Ö

Ög

+g
gÖ-ö

÷
õæ

ç
å +g-Ö=

g
2

2

2

75,0
286,075,044,0exp65,0

2
1 q

q

q
q

d

dPB  
 

( )ö
÷
õæ

ç
å +g-³

2

75,044,0exp q . (4.30) 

ɼʦʨʽʚʥʷʻʤʦ ʚʽʜʧʦʚʽʜʥʦ (4.29), (4.30) ʜʦ ʥʫʣʷ ʡ ʚʠʨʘʟʠʤʦg, ʫ ʨʝʟʫʣʴʪʘʪʽ 

ʦʜʝʨʞʠʤʦ: 

ï ʌʄ-2: 

694,0,
694,0

²ºg q
q

opt  (4.31) 

ï ʌʄ-4: 

389,1,
389,1

²ºg q
q

opt  (4.32) 

ʗʢʱʦ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʩʪʘʥʮʽʷ ʰʫʤʦʚʠʭ ʟʘʚʘʜ ʫ ʯʘʩʪʠʥʽ ʩʤʫʛʠ ʫ ʚʽʜʧʦʚʽʜʴ 

ʥʘ ʧʝʨʝʙʫʜʦʚʫ ɹɿʇɼ ʨʦʙʦʯʦʾ ʯʘʩʪʦʪʠ ʧʦ ʚʩʴʦʤʫ ʜʽʘʧʘʟʦʥʫ ʟʘʙʝʟʧʝʯʫʻ 

ʦʧʪʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʩʤʫʛʠ, ʱʦ ʧʦʜʘʚʣʶʻʪʴʩʷ optg , ʪʦ ʤʘʢʩʠʤʘʣʴʥʘ ʩʝʨʝʜʥʷ 

ʡʤʦʚʽʨʥʽʩʪʴ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʜʣʷ ʤʦʜʫʣʷʮʽʡ ʌʄ-2, ʌʄ-4 ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ 

ʚʽʜʧʦʚʽʜʥʦ: 

ï ʌʄ-2: 
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694,0,
088,0

1 ²º q
q

P
MAXB . (4.33) 

ï ʌʄ-4: 

. (4.34) 

ʇʝʨʝʡʜʝʤʦ ʜʦ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʟʘʚʘʜ ʫ ʚʽʜʧʦʚʽʜʴ ʥʘ ɹɿʇɼ ʽʟ ʇʇʈʏ ʫ ʥʘʡʛʽʨʰʽ 

ʜʣʷ ʩʠʩʪʝʤʠ ʨʘʜʽʦʟʚ'ʷʟʢʫ ʫʤʦʚʠ, ʧʨʠ ʷʢʠʭ ʟʘʚʘʜʘ ʧʦʧʘʜʘʻ ʚ ʢʘʥʘʣ ʧʨʠʡʤʘʯʘ ʜʦ 

ʪʦʛʦ, ʷʢ ʚʽʜʙʫʜʝʪʴʩʷ ʧʝʨʝʩʢʦʢ ʯʘʩʪʦʪʠ. ʊʘʢʘ ʩʠʪʫʘʮʽʷ ʭʘʨʘʢʪʝʨʠʟʫʻ ʧʦʪʝʥʮʽʡʥʽ 

ʤʦʞʣʠʚʦʩʪʽ ʩʪʘʥʮʽʾ ʟʘʚʘʜ ʫ ʚʽʜʧʦʚʽʜʴ ʟʘ ʯʘʩʦʤ ʚʧʣʠʚʫ ʥʘ ɹɿʇɼ. ʋ ʮʴʦʤʫ 

ʛʨʘʥʠʯʥʦʤʫ ʚʠʧʘʜʢʫ 1=g  ʡ ʚʽʜʧʦʚʽʜʥʦ ʜʦ (4.28) ʩʝʨʝʜʥʷ ʡʤʦʚʽʨʥʽʩʪʴ ʙʽʪʦʚʦʾ 

ʧʦʤʠʣʢʠ ʜʦʨʽʚʥʶʻ: 
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02 75,0244,0exp65,0 jB hhP . (4.35) 

ʄʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʾ ʡʤʦʚʽʨʥʦʩʪʽ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʧʨʠ ʚʧʣʠʚʽ 

ʦʧʪʠʤʘʣʴʥʦʾ ʟʘʚʘʜʠ ʫ ʚʽʜʧʦʚʽʜʴ ʚʠʟʥʘʯʘʻʪʴʩʷ ʰʣʷʭʦʤ ʨʽʰʝʥʥʷ ʨʽʚʥʷʥʥʷ 0
2

2 =
j

B

dh

dP
. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʦʭʽʜʥʘ 
2

2

j

B

dh

dP
 ʚʽʜ ʬʫʥʢʮʽʾ (4.35) ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ: 
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. (4.36) 

ɼʦʨʽʚʥʷʻʤʦ ʦʪʨʠʤʘʥʝ ʚʠʨʘʞʝʥʥʷ ʜʦ ʥʫʣʷ ʡ ʚʠʨʘʟʠʤʦ 2

jh , ʤʘʻʤʦ: 

932
9

2

0

2

02

-Ö
Öº

h

h
h

optj . (4.37) 

ʇʽʜʩʪʘʚʠʚʰʠ (4.37) ʚ (4.35), ʚʠʟʥʘʯʠʤʦ ʤʘʢʩʠʤʘʣʴʥʫ ʩʝʨʝʜʥʶ ʡʤʦʚʽʨʥʽʩʪʴ 

ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʧʨʠ ʚʧʣʠʚʽ ʦʧʪʠʤʘʣʴʥʦʾ ʟʘʚʘʜʠ ʫ ʚʽʜʧʦʚʽʜʴ: 
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. (4.38) 

389,1,
176,0

1 ²º q
q

P
MAXB
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ɺʠʟʥʘʯʠʤʦ ʡʤʦʚʽʨʥʽʩʪʴ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʜʣʷ ɹɿʇɼ ʽʟ ʤʦʜʫʣʷʮʽʻʶ ʌʄ-8 ʽ 

ʇʇʈʏ ʧʨʠ ʚʧʣʠʚʽ ʦʧʪʠʤʘʣʴʥʦʾ ʰʫʤʦʚʦʾ ʟʘʚʘʜʠ ʚ ʯʘʩʪʠʥʽ ʩʤʫʛʠ ʪʘ ʟʘʚʘʜʠ ʫ 

ʚʽʜʧʦʚʽʜʴ. 

ʇʽʜʩʪʘʚʠʚʰʠ ʚʠʨʘʟ ʘʧʨʦʢʩʠʤʘʮʽʾ ʽʥʪʝʛʨʘʣʘ ʡʤʦʚʽʨʥʦʩʪʽ ʪʘ ʬʫʥʢʮʽʾ ʆʫʵʥʘ ʚ 

(4.22) ʽ (4.25), ʦʜʝʨʞʠʤʦ ʥʘʙʣʠʞʝʥʽ ʚʠʨʘʟʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ Pb. ʋʟʷʪʪʷ ʧʦʭʽʜʥʦʾ 

ʚʽʜ ʮʠʭ ʚʠʨʘʞʝʥʴ ʽ ʨʽʰʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʽʚʥʷʥʴ ʩʪʘʥʦʚʠʪʴ ʧʝʚʥʽ ʪʨʫʜʥʦʱʽ, ʪʦʤʫ 

ʚ ʷʢʦʩʪʽ ʬʦʨʤʫʣʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʧʨʠ ʤʦʜʫʣʷʮʽʾ 

ʌʄ-8 ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʘʢʫ, ʷʢʘ ʜʘʻ ʥʘʙʣʠʞʝʥʝ ʟʥʘʯʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ 

ʩʠʤʚʦʣʴʥʦʾ ʧʦʤʠʣʢʠ ʧʨʠ ʤʦʜʫʣʷʮʽʾ ʌʄ-ʄ ʟ ʢʦʛʝʨʝʥʪʥʠʤ ʜʝʪʝʢʪʫʚʘʥʥʷʤ [12] 

 ö
÷

õ
æ
ç

å
º

M
MhQPe

p
sinlog22 2

2

0
, (4.39) 

ʘ ʧʦʪʽʤ ʟʘʩʪʦʩʫʚʘʚʰʠ [12]  

M

P
P e

B

2log
º , (4.40) 

ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʡʤʦʚʽʨʥʽʩʪʴ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ.  

ɯʤʦʚʽʨʥʽʩʪʴ ʧʦʤʠʣʢʠ ʚ ʩʠʤʚʦʣʽ ʩʠʛʥʘʣʫ ʌʄ-8 ʧʨʠ ʚʧʣʠʚʽ ʰʫʤʦʚʦʾ ʟʘʚʘʜʠ ʚ 

ʯʘʩʪʠʥʽ ʩʤʫʛʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʘʥʘʣʦʛʽʯʥʦ (4.19), ʪʽʣʴʢʠ ʟʘʤʽʩʪʴ BP  

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ eP  ʚʠʨʘʞʝʥʥʷ (4.39), ʘ ʟʘʤʽʩʪʴ BjP  ï ʧʽʜʩʪʘʥʦʚʢʘ (4.15) ʚ 

(4.39): 

( )
ö
ö
ö

÷

õ

æ
æ
æ

ç

å
p

ö
ö

÷

õ

æ
æ

ç

å
ö
÷

õ
æ
ç

å
Ög+Ög+ö

÷

õ
æ
ç

å p
Ög-º

-
-

-

8
sin

3
62

8
sin62)1(

1
1

12

0

2

01

q
hQhQPE . (4.41) 

ʇʨʠ ʚʧʣʠʚʽ ʟʘʚʘʜʠ ʫ ʚʽʜʧʦʚʽʜʴ ʡʤʦʚʽʨʥʽʩʪʴ ʧʦʤʠʣʢʠ ʚ ʩʠʤʚʦʣʽ ʩʠʛʥʘʣʫ ʌʄ-

8 ʚʠʟʥʘʯʘʻʪʴʩʷ ʘʥʘʣʦʛʽʯʥʦ (4.23), ʪʘʢʠʤ ʯʠʥʦʤ, ʟ ʦʙʣʽʢʦʤ (4.39) ʽ ʧʽʜʩʪʘʥʦʚʢʦʶ 

(4.11) ʚ (4.39), ʤʘʻʤʦ: 

( ) ()( ) öö
÷

õ
ææ
ç

å p
+Ög+ö

÷

õ
æ
ç

å p
Ög-º

-
--

8
sin62

8
sin62)1(

1
112

0

2

02 qhQhQPE
. (4.42) 

ɸʥʘʣʦʛʽʯʥʦ ʩʣʫʯʘʶ ʌʄ-2, ʌʄ-4 ʟʘʩʪʦʩʫʻʤʦ ʘʧʨʦʢʩʠʤʘʮʽʶ ʽʥʪʝʛʨʘʣʘ 

ʡʤʦʚʽʨʥʦʩʪʽ  Q(x), ʧʨʠʧʫʩʢʘʶʯʠ, ʱʦ0GG j >> , 0GEs >> , ʽ ʨʦʟʚ'ʷʞʝʤʦ ʨʽʚʥʷʥʥʷ 

0=
gd

dPE  ʩʪʦʩʦʚʥʦ ʜʦ (4.41): 
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³
Ög

+
p

g

gÖ-
ö
ö

÷

õ

æ
æ

ç

å
ö
÷

õ
æ
ç

å
+
p

g-Ö=
g q

q

q
d

dPE

75,0
8

sin2

572,075,0
8

sin244,0exp3,1

2

1   

ö
ö

÷

õ

æ
æ

ç

å

ö
ö

÷

õ

æ
æ

ç

å
+
p

g-³Ö
p

³

2

75,0
8

sin244,0exp2
8

sin qq . (4.43) 

ɼʦʨʽʚʥʷʻʤʦ ʦʪʨʠʤʘʥʝ ʚʠʨʘʞʝʥʥʷ ʜʦ ʥʫʣʷ ʡ ʚʠʨʘʟʠʤʦ g: 

742,4,
742,4

²ºg q
q

opt . (4.44) 

ɺʽʜʧʦʚʽʜʥʦ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ʩʠʤʚʦʣʴʥʦʾ ʧʦʤʠʣʢʠ ʧʨʠ 

ʰʫʤʦʚʽʡ ʟʘʚʘʜʽ ʚ ʯʘʩʪʠʥʽ ʩʤʫʛʠ ʜʦʨʽʚʥʶʻ:  

742,4,
2,1

1 ²º q
q

P
MAXE . (4.45) 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʽʜʩʪʘʚʠʚʰʠ (4.45) ʚ (4.40), ʦʜʝʨʞʠʤʦ ʤʘʢʩʠʤʘʣʴʥʫ ʩʝʨʝʜʥʶ 

ʡʤʦʚʽʨʥʽʩʪʴ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʧʨʠ ʚʧʣʠʚʽ ʰʫʤʦʚʦʾ ʟʘʚʘʜʠ ʚ ʯʘʩʪʠʥʽ ʩʤʫʛʠ ʜʣʷ 

ʤʦʜʫʣʷʮʽʾ ʌʄ-8: 

742,4,
4,0

1 ²º q
q

P
MAXB . (4.46) 

ʇʝʨʝʡʜʝʤʦ ʜʦ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʟʘʚʘʜ ʫ ʚʽʜʧʦʚʽʜʴ ʥʘ ɹɿʇɼ ʽʟ ʇʇʈʏ ʫ ʥʘʡʛʽʨʰʽ 

ʜʣʷ ʩʠʩʪʝʤʠ ʨʘʜʽʦʟʚ'ʷʟʢʫ ʫʤʦʚʠ, ʧʨʠ ʷʢʠʭ ʟʘʚʘʜʘ ʧʦʧʘʜʘʻ ʚ ʢʘʥʘʣ ʧʨʠʡʤʘʯʘ ʜʦ 

ʪʦʛʦ, ʷʢ ʚʽʜʙʫʜʝʪʴʩʷ ʧʝʨʝʩʢʦʢ ʯʘʩʪʦʪʠ (1=g  ), ʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ (4.42) ʡʤʦʚʽʨʥʽʩʪʴ 

ʩʠʤʚʦʣʴʥʦʾ ʧʦʤʠʣʢʠ ʜʦʨʽʚʥʶʻ: 

( ) ( )( ) öö
÷

õ
ææ
ç

å p
+º

---

8
sin62

11212

02 jE hhQP . (4.47) 

ʄʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ EP  ʥʘ ʩʠʤʚʦʣ ʧʨʠ ʚʧʣʠʚʽ ʦʧʪʠʤʘʣʴʥʦʾ ʟʘʚʘʜʠ ʫ 

ʚʽʜʧʦʚʽʜʴ ʚʠʟʥʘʯʘʻʪʴʩʷ ʰʣʷʭʦʤ ʨʽʰʝʥʥʷ ʨʽʚʥʷʥʥʷ 0
2

2 =
j

E

dh

dP
. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʦʭʽʜʥʘ 
2

2

j

E

dh

dP
 ʚʽʜ ʬʫʥʢʮʽʾ (4.47) ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ: 

( ) ( )( )

( ) ( )( ) ( ) ( )[ ]
³

++

+
p

+

Ö-=
-----

---

21212

0

11212

0

11212

0

2

2 6

6

75,0
8

sin6

572,0

jj

j

j

E

hhhh

hh

dh

dP
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()
() ()( )

ö
ö

÷

õ

æ
æ

ç

å

öö
÷

õ
ææ
ç

å
+
p

+Ö-Ö

p

³
---

2
11212

022
75,0

8
sin644,0exp8

sin

j

j

hh
h

. (4.48) 

ɼʦʨʽʚʥʷʻʤʦ ʦʪʨʠʤʘʥʝ ʚʠʨʘʞʝʥʥʷ ʜʦ ʥʫʣʷ ʡ ʚʠʨʘʟʠʤʦ 2

jh , ʤʘʻʤʦ: 

9016,14
9

2

0

2

02

-Ö
Öº

h

h
h

optj . (4.49) 

ʇʽʜʩʪʘʚʠʚʰʠ (4.49) ʚ (4.47), ʚʠʟʥʘʯʠʤʦ ʤʘʢʩʠʤʘʣʴʥʫ ʩʝʨʝʜʥʶ ʡʤʦʚʽʨʥʽʩʪʴ 

ʩʠʤʚʦʣʴʥʦʾ ʧʦʤʠʣʢʠ ʧʨʠ ʚʧʣʠʚʽ ʦʧʪʠʤʘʣʴʥʦʾ ʟʘʚʘʜʠ ʫ ʚʽʜʧʦʚʽʜʴ: 

( )
ö
ö
ö
ö

÷

õ

æ
æ
æ
æ

ç

å

ö
ö
ö

÷

õ

æ
æ
æ

ç

å

+
p

ö
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÷

õ

æ
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ç

å

ö
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æ
æ

ç
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-Ö
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-
-

-

2
1

1

2

0

2

012

02 75,0
8

sin
9016,14

9644,0exp3,1
h

h
hP

MAXE
. (4.50) 

ʇʽʜʩʪʘʚʠʚʰʠ (4.50) ʚ (4.40), ʦʜʝʨʞʠʤʦ ʤʘʢʩʠʤʘʣʴʥʫ ʩʝʨʝʜʥʶ ʡʤʦʚʽʨʥʽʩʪʴ 

ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʧʨʠ ʚʧʣʠʚʽ ʟʘʚʘʜʠ ʫ ʚʽʜʧʦʚʽʜʴ ʜʣʷ ʤʦʜʫʣʷʮʽʾ ʌʄ-8: 

( )
ö
ö
ö
ö

÷

õ

æ
æ
æ
æ

ç

å

ö
ö
ö

÷

õ

æ
æ
æ

ç

å

+
p
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æ
æ

ç

å

ö
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õ

æ
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ç

å
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-
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2
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0

2

012

02 75,0
8

sin
9016,14

9644,0exp433,0
h

h
hP

MAXB
. (4.51) 

ʋ ʩʠʩʪʝʤʘʭ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʚʦʚʠʤʽʨʥʠʡ ʂɸʄ ʟ 

KM 2= , ʜʝ K ʧʘʨʥʝ, ʧʨʠ ʦʧʪʠʤʘʣʴʥʦʤʫ ʢʦʛʝʨʝʥʪʥʦʤʫ ʧʨʠʡʤʘʥʥʽ ʪʘʢʠʭ ʩʠʛʥʘʣʽʚ 

ʫ ʢʘʥʘʣʘʭ ʟ ʙʽʣʠʤ ʰʫʤʦʤ ʩʝʨʝʜʥʷ ʡʤʦʚʽʨʥʽʩʪʴ ʧʦʤʠʣʢʠ ʚ i-ʤʫ ʙʠʪʽ (Ki ,1= ) ʧʨʠ 

ʟʘʩʪʦʩʫʚʘʥʥʽ ʢʨʠʪʝʨʽʶ ʤʽʥʽʤʫʤʫ ʡʤʦʚʽʨʥʦʩʪʽ ʥʘ ʄ-ʡ ʩʠʤʚʦʣ ʙʫʜʝ [145]:  

( ) ( )( )³--+== ää
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-
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- 12
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1
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i
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b
bi v
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M
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é
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ä ù
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. (4.52) 

ʋ ʮʴʦʤʫ ʚʠʨʘʞʝʥʥʽ 2/,1 Ki = ,
( )ö

ö

÷

õ

æ
æ

ç

å

-
=

2

2

1M

h
yQQ s

y
, MhGEh ss 2

2

00

2 log/ ==  ï 

ʚʽʜʥʦʰʝʥʥʷ ʩʝʨʝʜʥʴʦʾ ʝʥʝʨʛʽʾ ʤʦʜʫʣʴʦʚʘʥʦʛʦ ʩʠʛʥʘʣʫ ʜʦ ʩʧʝʢʪʨʘʣʴʥʦʾ ʱʽʣʴʥʦʩʪʽ 

ʧʦʪʫʞʥʦʩʪʽ ʰʫʤʫ, 
0

2

0
G

E
h b= , bE  ï ʝʥʝʨʛʽʷ ʙʽʪʘ, M ï ʨʦʟʤʽʨʥʽʩʪʴ ʩʠʛʥʘʣʴʥʦʛʦ 
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ʩʫʟʽʨ'ʷ, ʬʫʥʢʮʽʷ () dt
t

xQ
x

ñ
¤

öö
÷

õ
ææ
ç

å
-=

2
exp

2

1 2

p
 ï ʬʫʥʢʮʽʷ ʽʥʪʝʛʨʘʣʘ ʡʤʦʚʽʨʥʦʩʪʽ, y ï 

ʧʘʨʘʤʝʪʨ, ʟʥʘʯʝʥʥʷ ʷʢʦʛʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʦʟʤʽʨʥʦʩʪʽ ʩʠʛʥʘʣʴʥʦʛʦ ʩʫʟʽʨ'ʷ. 

ɺʠʟʥʘʯʠʤʦ ʩʝʨʝʜʥʶ ʡʤʦʚʽʨʥʽʩʪʴ ʧʦʤʠʣʢʠ ʚ K-ʙʽʪʦʚʦʤʫ ʙʣʦʮʽ ʧʨʠ ʚʧʣʠʚʽ 

ʥʘʚʤʠʩʥʠʭ ʟʘʚʘʜ ʜʣʷ ʤʦʜʫʣʷʮʽʾ ʂɸʄ-16. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ (4.52) ʜʣʷ ʧʝʨʰʦʛʦ ʡ ʪʨʝʪʴʦʛʦ ʙʽʪʽʚ ʫ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʟ 4 ʙʽʪʽʚ 

ʡʤʦʚʽʨʥʽʩʪʴ ʧʦʤʠʣʢʠ ʥʘ ʙʽʪ ʧʨʠ ʤʦʜʫʣʷʮʽʾ ʂɸʄ-16 ʜʦʨʽʚʥʶʻ  
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hQhQQQPP bb . (4.53) 

ɺʽʜʧʦʚʽʜʥʦ ʜʣʷ ʜʨʫʛʦʛʦ ʡ ʯʝʪʚʝʨʪʦʛʦ ʙʽʪʽʚ ʡʤʦʚʽʨʥʽʩʪʴ ʧʦʤʠʣʢʠ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ  
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hQhQhQQQQPP bb

. (4.54) 

ʉʝʨʝʜʥʷ ʡʤʦʚʽʨʥʽʩʪʴ ʧʦʤʠʣʢʠ ʚ 4-ʙʽʪʦʚʦʤʫ ʙʣʦʮʽ ʜʣʷ ʤʦʜʫʣʷʮʽʾ ʂɸʄ-16 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ (4.19): 

ä
=

=
4

14

1

i

bib PP . (4.55) 

ʊ.ʯ., ʟ ʦʙʣʽʢʦʤ (4.53) ʽ (4.54), ʬʦʨʤʫʣʘ (4.55) ʧʝʨʝʧʠʰʝʪʴʩʷ ʜʦ ʥʘʩʪʫʧʥʦʛʦ 

ʚʠʜʫ: 
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1
hQhQhQPb . (4.56) 

ʇʨʠ ʚʧʣʠʚʽ ʥʘʚʤʠʩʥʠʭ ʟʘʚʘʜ ʧʘʨʘʤʝʪʨ 2

0h  ʫ ʚʠʨʘʞʝʥʥʽ (4.56) ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʘʥʘʣʦʛʽʯʥʦ ʤʦʜʫʣʷʮʽʾ ʌʄ-ʄ ʧʦ ʬʦʨʤʫʣʘʭ (4.14), (4.15), (4.11) ʚʽʜʧʦʚʽʜʥʦ ʜʣʷ 

ʰʫʤʦʚʦʾ ʟʘʛʦʨʦʜʞʫʚʘʣʴʥʦʾ ʟʘʚʘʜʠ, ʰʫʤʦʚʦʾ ʟʘʚʘʜʠ ʚ ʯʘʩʪʠʥʽ ʩʤʫʛʠ ʪʘ ʟʘʚʘʜʠ ʫ 

ʚʽʜʧʦʚʽʜʴ. 

ʇʽʜʩʪʘʚʠʚʰʠ ʚʠʨʘʞʝʥʥʷ (4.14) ʚ (4.56) ʟʘʤʽʩʪʴ 2

0h , ʦʜʝʨʞʠʤʦ ʪʦʯʥʫ 

ʬʦʨʤʫʣʫ ʡʤʦʚʽʨʥʦʩʪʽ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʩʠʛʥʘʣʫ ʂɸʄ-16 ʧʨʠ ʚʧʣʠʚʽ ʰʫʤʦʚʦʾ 

ʟʘʛʦʨʦʜʞʫʚʘʣʴʥʦʾ ʟʘʚʘʜʠ ʥʘ ʩʠʩʪʝʤʫ ʨʘʜʽʦʟʚ'ʷʟʢʫ ʽʟ ʇʇʈʏ: 

( ) ( ) ( )( )T-T+T= 5323
2

1
QQQPB

, (4.57) 
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q
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ʉʝʨʝʜʥʷ ʡʤʦʚʽʨʥʽʩʪʴ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʜʣʷ ʤʦʜʫʣʷʮʽʾ ʂɸʄ-16 ʧʨʠ ʚʧʣʠʚʽ 

ʰʫʤʦʚʦʾ ʟʘʚʘʜʠ ʚ ʯʘʩʪʠʥʽ ʩʤʫʛʠ ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʷ ʚʠʨʘʞʝʥʥʷʤ (4.19).   

ʋ ʮʽʡ ʬʦʨʤʫʣʽ bP  ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦ ʬʦʨʤʫʣʽ (4.56), ʘ bjP  ʰʣʷʭʦʤ ʧʽʜʩʪʘʥʦʚʢʠ 

(4.15) ʚ (4.56) ʟʘʤʽʩʪʴ 2

0h : 
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( ) ( ) ( )( )W-W+W+ 5323
2

1
ɔ QQQ , (4.58) 

ʜʝ ()
1

1
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0
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+=W

q
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ʇʨʠ ʚʧʣʠʚʽ ʟʘʚʘʜʠ ʫ ʚʽʜʧʦʚʽʜʴ ʥʘ ɹɿʇɼ ʽʟ ʤʦʜʫʣʷʮʽʻʶ ʂɸʄ-16 ʩʝʨʝʜʥʷ 

ʡʤʦʚʽʨʥʽʩʪʴ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦ (4.23).   

ʋ ʬʦʨʤʫʣʽ (4.23) bP  ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦ ʬʦʨʤʫʣʽ (4.56), ʘ bjP  ʰʣʷʭʦʤ 

ʧʽʜʩʪʘʥʦʚʢʠ (4.11) ʚ (4.56): 
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( ) ( ) ( )( )Y-Y+Y+ 5323
2

1
ɔ QQQ , (4.59) 

ʜʝ () ()( )11212

0
9

4 ---
+=Y jhh , 

j

b

j
G

E
h =2  ï ʚʽʜʥʦʰʝʥʥʷ ʝʥʝʨʛʽʾ ʙʽʪʘ ʜʦ ʩʧʝʢʪʨʘʣʴʥʦʾ 

ʱʽʣʴʥʦʩʪʽ ʧʦʪʫʞʥʦʩʪʽ ʟʘʚʘʜʠ. 

ɺʠʟʥʘʯʠʤʦ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʫ ʟ ʧʦʛʣʷʜʫ ʧʦʩʪʘʥʦʚʥʠʢʘ ʟʘʚʘʜ ʟʘʚʘʜʫ, ʷʢʘ 

ʟʘʙʝʟʧʝʯʠʪʴ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʾ ʡʤʦʚʽʨʥʦʩʪʽ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ. ʋ 

ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʪʽʣʴʢʠ ʰʫʤʦʚʘ ʚ ʯʘʩʪʠʥʽ ʩʤʫʛʠ ʡ ʟʘʚʘʜʘ ʫ 

ʚʽʜʧʦʚʽʜʴ. 

ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʨʦʟʚ'ʷʟʘʪʠ ʨʽʚʥʷʥʥʷ 01 =
gd

dPb  ʩʪʦʩʦʚʥʦ ʜʦ (4.58), ʘ 
2

2

j

b

dh

dP
 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ (4.59).  
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ʈʦʟʛʣʷʥʝʤʦ ʚʠʧʘʜʦʢ ʚʧʣʠʚʫ ʟʘʚʘʜ ʥʘ ɹɿʇɼ ʽʟ ʤʦʜʫʣʷʮʽʻʶ ʂɸʄ-16. 

ɿ ʤʝʪʦʶ ʩʧʨʦʱʝʥʥʷ ʚʠʟʥʘʯʝʥʥʷ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʾ ʟ ʧʦʛʣʷʜʫ 

ʧʦʩʪʘʥʦʚʥʠʢʘ ʟʘʚʘʜ ʟʘʚʘʜʠ, ʜʨʫʛʠʤ ʽ ʪʨʝʪʽʤ ʜʦʜʘʥʢʦʤ ʫ ʬʦʨʤʫʣʽ (4.56) 

ʟʥʝʚʘʞʘʻʤʦ, ʪʦʤʫ ʱʦ ʾʭʥʽ ʟʥʘʯʝʥʥʷ ʥʘ ʢʽʣʴʢʘ ʧʦʨʷʜʢʽʚ ʤʝʥʰʝ ʧʝʨʰʦʛʦ ʜʦʜʘʥʢʘ. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʮʷ ʬʦʨʤʫʣʘ ʙʫʜʝ ʤʘʪʠ ʚʠʛʣʷʜ: 

ö
ö

÷

õ

æ
æ

ç

å
º 2

0
9

4

2

3
hQPb

. (4.60) 

ɺʽʜʧʦʚʽʜʥʦ ʜʣʷ ʰʫʤʦʚʦʾ ʟʘʚʘʜʠ ʚ ʯʘʩʪʠʥʽ ʩʤʫʛʠ ʪʘ ʟʘʚʘʜʠ ʫ ʚʽʜʧʦʚʽʜʴ 

ʚʠʨʘʞʝʥʥʷ (4.58), (4.59) ʧʝʨʝʧʠʰʫʪʴʩʷ: 
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2

3

9

4

2

3
)1(

q
hQhQPb , (4.61) 
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--- 11212

0

2

02
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4
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4

2

3
)1( jb hhQhQP . (4.62) 

ʈʦʟʚ'ʷʞʝʤʦ ʨʽʚʥʷʥʥʷ 01 =
gd

dPb , ʧʨʠʧʫʩʢʘʶʯʠ, ʱʦ 0GG j >> , 0GEs >> ,  ʩʪʦʩʦʚʥʦ 

ʜʦ (4.61), ʘ 
2

2

j

b

dh

dP
 ʩʪʦʩʦʚʥʦ ʜʦ (4.62), ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʘʧʨʦʢʩʠʤʘʮʽʶ ʽʥʪʝʛʨʘʣʘ 

ʡʤʦʚʽʨʥʦʩʪʽ: () ( )( )275,044,0exp65,0 +-Ö= xxQ . ʊʘʢʦʞ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʟ ʤʝʪʦʶ 

ʩʧʨʦʱʝʥʥʷ ʚʠʟʥʘʯʝʥʥʷ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʾ ʟ ʧʦʛʣʷʜʫ ʧʦʩʪʘʥʦʚʥʠʢʘ ʟʘʚʘʜ 

ʟʘʚʘʜʠ, ʜʨʫʛʠʤ ʽ ʪʨʝʪʽʤ ʜʦʜʘʥʢʦʤ ʫ ʬʦʨʤʫʣʘʭ (4.58), (4.59) ʟʥʝʚʘʞʘʻʤʦ, ʪʦʤʫ ʱʦ 

ʾʭʥʽ ʟʥʘʯʝʥʥʷ ʥʘ ʢʽʣʴʢʘ ʧʦʨʷʜʢʽʚ ʤʝʥʰʝ ʧʝʨʰʦʛʦ ʜʦʜʘʥʢʘ.  

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʮʽʻʾ ʘʧʨʦʢʩʠʤʘʮʽʾ ʬʦʨʤʫʣʠ (4.61), (4.62) ʙʫʜʫʪʴ ʤʘʪʠ ʪʘʢʠʡ 

ʚʠʛʣʷʜ: 

ï ʜʣʷ ʰʫʤʦʚʦʾ ʟʘʚʘʜʠ ʚ ʯʘʩʪʠʥʽ ʩʤʫʛʠ 
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0 75,0
4

44,044,0exp975,0
q

h , (4.63) 

ï ʜʣʷ ʟʘʚʘʜʠ ʫ ʚʽʜʧʦʚʽʜʴ 
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02 75,044,044,0exp975,0)1( hPb
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öö
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õ
ææ
ç

å
++Ö-ÖÖg+

---

2
11212

0 75,044,044,0exp975,0 jhh . (4.64) 

ʇʦʭʽʜʥʘ 
gd

dPb1  ʚʽʜ ʬʫʥʢʮʽʾ (4.63) ʙʫʜʝ ʤʘʪʠ ʪʘʢʠʡ ʚʠʛʣʷʜ: 

( ) ³
g

+g
ÖgÖ-

ùú
ø

éê
è +g-Ö=

g q

q
q

d

dPb

11,0

75,011,0
429,075,011,044,0exp975,0

2
1   

( )
ùú
ø

éê
è +g-ÖÖ³

2

75,011,044,0exp11,0 qq . (4.65) 

ɼʦʨʽʚʥʷʻʤʦ ʦʪʨʠʤʘʥʝ ʚʠʨʘʞʝʥʥʷ ʜʦ ʥʫʣʷ ʡ ʚʠʨʘʟʠʤʦ g: 

625,12,
625,12

opt ²ºg q
q

. (4.66) 

ʗʢʱʦ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʩʪʘʥʮʽʷ ʰʫʤʦʚʠʭ ʟʘʚʘʜ ʫ ʯʘʩʪʠʥʽ ʩʤʫʛʠ ʫ ʚʽʜʧʦʚʽʜʴ 

ʥʘ ʧʝʨʝʙʫʜʦʚʫ ɹɿʇɼ ʨʦʙʦʯʦʾ ʯʘʩʪʦʪʠ ʧʦ ʚʩʽʤ ʜʽʘʧʘʟʦʥʫ ʟʘʙʝʟʧʝʯʫʻ ʦʧʪʠʤʘʣʴʥʝ 

ʟʥʘʯʝʥʥʷ ʩʤʫʛʠ, ʱʦ ʧʦʜʘʚʣʶʻʪʴʩʷ optg , ʪʦ ʤʘʢʩʠʤʘʣʴʥʘ ʩʝʨʝʜʥʷ ʡʤʦʚʽʨʥʽʩʪʴ 

ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ: 

625,12,
397,2

max1 ²º q
q

Pb . (4.67) 

ʇʝʨʝʡʜʝʤʦ ʜʦ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʟʘʚʘʜ ʫ ʚʽʜʧʦʚʽʜʴ ʥʘ ɹɿʇɼ ʽʟ ʇʇʈʏ ʫ ʥʘʡʛʽʨʰʽ 

ʜʣʷ ʥʝʾ ʫʤʦʚʘʭ, ʧʨʠ ʷʢʠʭ ʟʘʚʘʜʘ ʧʦʧʘʜʘʻ ʚ ʢʘʥʘʣ ʧʨʠʡʤʘʯʘ ʜʦ ʪʦʛʦ, ʷʢ 

ʚʽʜʙʫʜʝʪʴʩʷ ʧʝʨʝʩʢʦʢ ʯʘʩʪʦʪʠ. ʋ ʮʴʦʤʫ ʛʨʘʥʠʯʥʦʤʫ ʚʠʧʘʜʢʫ 1=g  ʡ ʚʽʜʧʦʚʽʜʥʦ 

ʜʦ (4.64) ʩʝʨʝʜʥʷ ʡʤʦʚʽʨʥʽʩʪʴ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʜʦʨʽʚʥʶʻ: 
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õ
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ç

å
++Ö-Ö=

---

2
11212

02 75,044,044,0exp975,0 jb hhP . (4.68) 

ʄʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʾ ʡʤʦʚʽʨʥʦʩʪʽ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʧʨʠ ʚʧʣʠʚʽ 

ʟʘʚʘʜʠ ʫ ʚʽʜʧʦʚʽʜʴ ʚʠʟʥʘʯʘʻʪʴʩʷ ʰʣʷʭʦʤ ʨʽʰʝʥʥʷ ʨʽʚʥʷʥʥʷ 0
2

2 =
j

b

dh

dP
. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʦʭʽʜʥʘ 
2

2

j

b

dh

dP
 ʚʽʜ ʬʫʥʢʮʽʾ (4.68) ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ: 
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022
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hh
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. (4.69) 

ɼʦʨʽʚʥʷʻʤʦ ʦʪʨʠʤʘʥʝ ʚʠʨʘʞʝʥʥʷ ʜʦ ʥʫʣʷ ʡ ʚʠʨʘʟʠʤʦ 2

jh : 

. (4.70) 

ʇʽʜʩʪʘʚʠʚʰʠ (4.70) ʚ (4.68), ʚʠʟʥʘʯʠʤʦ ʤʘʢʩʠʤʘʣʴʥʫ ʩʝʨʝʜʥʶ ʡʤʦʚʽʨʥʽʩʪʴ 

ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʧʨʠ ʚʧʣʠʚʽ ʟʘʚʘʜʠ ʫ ʚʽʜʧʦʚʽʜʴ ʜʣʷ ʤʦʜʫʣʷʮʽʾ ʂɸʄ-16: 

 (4.71) 

ʈʦʟʛʣʷʥʝʤʦ ʤʦʜʫʣʷʮʽʶ ʂɸʄ-64. ɿʛʽʜʥʦ ʬʦʨʤʫʣʠ (4.52) ʜʣʷ ʧʝʨʰʦʛʦ ʡ 

ʯʝʪʚʝʨʪʦʛʦ ʙʽʪʽʚ ʫ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʟ K ʙʽʪʽʚ ʡʤʦʚʽʨʥʽʩʪʴ ʧʦʤʠʣʢʠ ʥʘ ʙʽʪ ʜʦʨʽʚʥʶʻ 

( )753141
4

1
QQQQPP bb +++== . (4.72) 

ɺʽʜʧʦʚʽʜʥʦ ʜʣʷ ʜʨʫʛʦʛʦ ʡ ʧ'ʷʪʦʛʦ ʙʽʪʽʚ ʽʤʦʚʽʨʥʽʩʪʴ ʧʦʤʠʣʢʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ 

( ) ( )( )[ ]117953152
4

1

2

1
QQQQQQPP bb -+-++== . (4.73) 

ɸʥʘʣʦʛʽʯʥʦ ʜʣʷ ʪʨʝʪʴʦʛʦ ʪʘ ʰʦʩʪʦʛʦ ʙʽʪʽʚ ʡʤʦʚʽʨʥʽʩʪʴ ʧʦʤʠʣʢʠ ʜʦʨʽʚʥʶʻ: 

 ( ) ( )( )[ ]13119753162 23
4

1
QQQQQQQPP bb -+---+== . (4.74) 

ʉʝʨʝʜʥʷ ʡʤʦʚʽʨʥʽʩʪʴ ʧʦʤʠʣʢʠ ʚ 6-ʙʽʪʦʚʦʤʫ ʙʣʦʮʽ ʜʣʷ ʤʦʜʫʣʷʮʽʾ ʂɸʄ-64, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ (4.72)-(4.74), ʜʦʨʽʚʥʶʻ [121]: 
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1 6

1

QQQQQQQPP
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bib -++--+== ä
=

. (4.75) 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʡ Q9, Q11, Q13 ʜʫʞʝ ʤʘʣʽ ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟ Q1, Q3, Q4, Q5, ʪʦʤʫ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʥʠʤʠ ʤʦʞʥʘ ʟʥʝʚʘʞʠʪʠ. ʊ.ʯ. 

ʩʝʨʝʜʥʷ ʡʤʦʚʽʨʥʽʩʪʴ ʧʦʤʠʣʢʠ ʜʣʷ ʤʦʜʫʣʷʮʽʾ ʂɸʄ-64 ʜʦʨʽʚʥʶʻ: 
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2
1

1

2
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2
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÷
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å

-
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2
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1
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3

1
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6

7
5

6

1
4

6

1
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6

7

M

Mh
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M

Mh
QQQQQPb

  

( ) ( )ö
ö

÷

õ

æ
æ

ç

å

-
-
ö
ö

÷

õ

æ
æ

ç

å

-
-

2

2

2

0

2

2

2

0

1

log
5

6

1

1

log
4

6

1

M

Mh
Q

M

Mh
Q . (4.76) 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʨʦʟʤʽʨʥʦʩʪʽ ʩʠʛʥʘʣʴʥʦʛʦ ʩʫʟʽʨ'ʷ M = 64 ʜʣʷ ʤʦʜʫʣʷʮʽʾ ʂɸʄ-

64 ʬʦʨʤʫʣʘ (4.76) ʧʨʠʡʤʝ ʚʠʜ: 

( ) ( ) ( ) ( )2

0

2

0

2

0

2

0 122,05
6

1
122,04

6

1
122,03122,0

6

7
hQhQhQhQPb Ö-Ö-Ö+Ö= . (4.77) 

ʇʨʠ ʚʧʣʠʚʽ ʥʘʚʤʠʩʥʠʭ ʟʘʚʘʜ ʧʘʨʘʤʝʪʨ 2

0h  ʫ ʚʠʨʘʞʝʥʥʽ (4.77) ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʘʥʘʣʦʛʽʯʥʦ ʤʦʜʫʣʷʮʽʾ ʌʄ-ʄ ʧʦ ʬʦʨʤʫʣʘʭ (4.14), (4.15), (4.11) ʚʽʜʧʦʚʽʜʥʦ ʜʣʷ 

ʰʫʤʦʚʦʾ ʟʘʛʦʨʦʜʞʫʚʘʣʴʥʦʾ ʟʘʚʘʜʠ, ʰʫʤʦʚʦʾ ʟʘʚʘʜʠ ʚ ʯʘʩʪʠʥʽ ʩʤʫʛʠ ʪʘ ʟʘʚʘʜʠ ʫ 

ʚʽʜʧʦʚʽʜʴ. 

ʇʽʜʩʪʘʚʠʚʰʠ (4.14) ʚ (4.77) ʟʘʤʽʩʪʴ 2

0h , ʦʜʝʨʞʠʤʦ ʪʦʯʥʫ ʬʦʨʤʫʣʫ 

ʡʤʦʚʽʨʥʦʩʪʽ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʩʠʛʥʘʣʫ ʂɸʄ-64 ʧʨʠ ʚʧʣʠʚʽ ʰʫʤʦʚʦʾ 

ʟʘʛʦʨʦʜʞʫʚʘʣʴʥʦʾ ʟʘʚʘʜʠ ʥʘ ʩʠʩʪʝʤʫ ʨʘʜʽʦʟʚ'ʷʟʢʫ ʽʟ ʇʇʈʏ: 

( ) ( ) ( ) ( )WÖ-WÖ-WÖ+WÖÖ= 122,05
6

1
122,04

6

1
122,03122,0

6

7
QQQQPB

, (4.78) 

ʜʝ ( )
1

1
12

0
6

-
-

-

ö
ö

÷

õ

æ
æ

ç

å
ö
÷

õ
æ
ç

å
+=W

q
h . 

ʉʝʨʝʜʥʷ ʡʤʦʚʽʨʥʽʩʪʴ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʜʣʷ ʤʦʜʫʣʷʮʽʾ ʂɸʄ-16 ʧʨʠ ʚʧʣʠʚʽ 

ʰʫʤʦʚʦʾ ʟʘʚʘʜʠ ʚ ʯʘʩʪʠʥʽ ʩʤʫʛʠ ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʷ ʚʠʨʘʞʝʥʥʷʤ (4.19).   

ʋ ʮʽʡ ʬʦʨʤʫʣʽ bP  ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦ ʬʦʨʤʫʣʽ (4.56), ʘ bjP  ʰʣʷʭʦʤ ʧʽʜʩʪʘʥʦʚʢʠ 

(4.15) ʚ (4.77) ʟʘʤʽʩʪʴ 2

0h : 

( ) ( ) ( ) ( )+ö
÷

õ
æ
ç

å
Ö-Ö-Ö+ÖÖ-= 2

0

2

0

2

0

2

01 122,05
6

1
122,04

6

1
122,03122,0

6

7
)ɔ1( hQhQhQhQPB

  

( ) ( ) ( ) ( )ö
÷

õ
æ
ç

å
LÖ-LÖ-LÖ+LÖÖ+ 122,05

6

1
122,04

6

1
122,03122,0

6

7
ɔ QQQQ , (4.79) 
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1
12

0
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ʇʨʠ ʚʧʣʠʚʽ ʟʘʚʘʜʠ ʫ ʚʽʜʧʦʚʽʜʴ ʥʘ ɹɿʇɼ ʽʟ ʤʦʜʫʣʷʮʽʻʶ ʂɸʄ-64 ʩʝʨʝʜʥʷ 

ʡʤʦʚʽʨʥʽʩʪʴ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦ (4.23).   

ʋ ʬʦʨʤʫʣʽ (4.23) bP  ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦ ʬʦʨʤʫʣʽ (4.77), ʘ bjP  ʰʣʷʭʦʤ 

ʧʽʜʩʪʘʥʦʚʢʠ (4.11) ʚ (4.77): 

( ) ( ) ( ) ( )+ö
÷

õ
æ
ç

å
Ö-Ö-Ö+ÖÖ-= 2

0

2

0

2

0

2

02 122,05
6

1
122,04

6

1
122,03122,0

6

7
)ɔ1( hQhQhQhQPB

  

( ) ( ) ( ) ( )ö
÷

õ
æ
ç

å
IÖ-IÖ-IÖ+IÖÖ+ 122,05

6

1
122,04

6

1
122,03122,0

6

7
ɔ QQQQ , (4.80) 

ʜʝ ( ) ( )( )11212

0

---
+=I jhh ; 

j

b

j
G

E
h =2  ï ʚʽʜʥʦʰʝʥʥʷ ʝʥʝʨʛʽʾ ʙʽʪʘ ʜʦ ʩʧʝʢʪʨʘʣʴʥʦʾ 

ʱʽʣʴʥʦʩʪʽ ʧʦʪʫʞʥʦʩʪʽ ʟʘʚʘʜʠ. 

ɺʠʟʥʘʯʠʤʦ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʫ ʟ ʧʦʛʣʷʜʫ ʧʦʩʪʘʥʦʚʥʠʢʘ ʟʘʚʘʜ ʟʘʚʘʜʫ, ʷʢʘ 

ʟʘʙʝʟʧʝʯʠʪʴ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʾ ʡʤʦʚʽʨʥʦʩʪʽ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ. ʋ 

ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʪʽʣʴʢʠ ʰʫʤʦʚʘ ʚ ʯʘʩʪʠʥʽ ʩʤʫʛʠ ʡ ʟʘʚʘʜʘ ʫ 

ʚʽʜʧʦʚʽʜʴ. 

ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʨʦʟʚ'ʷʟʘʪʠ ʨʽʚʥʷʥʥʷ 01 =
gd

dPB  ʩʪʦʩʦʚʥʦ ʜʦ (4.79), ʘ 
2

2

j

B

dh

dP
 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ (4.80). 

ʈʦʟʛʣʷʥʝʤʦ ʚʠʧʘʜʦʢ ʚʧʣʠʚʫ ʟʘʚʘʜ ʥʘ ɹɿʇɼ ʽʟ ʤʦʜʫʣʷʮʽʻʶ ʂɸʄ-64. 

ɿ ʤʝʪʦʶ ʩʧʨʦʱʝʥʥʷ ʚʠʟʥʘʯʝʥʥʷ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʾ ʟ ʧʦʛʣʷʜʫ 

ʧʦʩʪʘʥʦʚʥʠʢʘ ʟʘʚʘʜ ʟʘʚʘʜʠ ʜʨʫʛʠʤ, ʪʨʝʪʽʤ ʽ ʯʝʪʚʝʨʪʠʤ ʜʦʜʘʥʢʦʤ ʫ ʬʦʨʤʫʣʽ 

(4.77) ʟʥʝʚʘʞʘʻʤʦ, ʪʦʤʫ ʱʦ ʾʭʥʽ ʟʥʘʯʝʥʥʷ ʥʘ ʢʽʣʴʢʘ ʧʦʨʷʜʢʽʚ ʤʝʥʰʝ ʧʝʨʰʦʛʦ 

ʜʦʜʘʥʢʘ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʮʷ ʬʦʨʤʫʣʘ ʙʫʜʝ ʤʘʪʠ ʚʠʛʣʷʜ: 

( )2

0122,0
6

7
hQPb º . (4.81) 

ɺʽʜʧʦʚʽʜʥʦ ʜʣʷ ʰʫʤʦʚʦʾ ʟʘʚʘʜʠ ʚ ʯʘʩʪʠʥʽ ʩʤʫʛʠ ʪʘ ʟʘʚʘʜʠ ʫ ʚʽʜʧʦʚʽʜʴ 

ʚʠʨʘʞʝʥʥʷ (4.79), (4.80) ʧʝʨʝʧʠʰʫʪʴʩʷ: 
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( ) ( ) ( )( )öö
÷

õ
ææ
ç

å
+g+Ög-º

--- 11212

0

2

02 122,0
6

7
122,0

6

7
)1( jb hhQhQP . (4.83) 

ʈʦʟʚ'ʷʞʝʤʦ ʨʽʚʥʷʥʥʷ 01 =
gd

dPb , ʧʨʠʧʫʩʢʘʶʯʠ, ʱʦ 0GG j >> , 0GEs >> , ʩʪʦʩʦʚʥʦ 

ʜʦ (4.82), ʘ 
2

2

j

b

dh

dP
 ʩʪʦʩʦʚʥʦ ʜʦ (4.83), ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʘʧʨʦʢʩʠʤʘʮʽʶ ʽʥʪʝʛʨʘʣʘ 

ʡʤʦʚʽʨʥʦʩʪʽ: () ( )( ).75,044,0exp65,0
2

+-Ö= xxQ  ʊʘʢʦʞ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʟ ʤʝʪʦʶ 

ʩʧʨʦʱʝʥʥʷ ʚʠʟʥʘʯʝʥʥʷ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʾ ʟ ʧʦʛʣʷʜʫ ʧʦʩʪʘʥʦʚʥʠʢʘ ʟʘʚʘʜ 

ʟʘʚʘʜʠ, ʜʨʫʛʠʤ ʽ ʪʨʝʪʽʤ ʜʦʜʘʥʢʦʤ ʫ ʬʦʨʤʫʣʘʭ (4.79), (4.80) ʟʥʝʚʘʞʘʻʤʦ, ʪʦʤʫ ʱʦ 

ʾʭʥʽ ʟʥʘʯʝʥʥʷ ʥʘ ʢʽʣʴʢʘ ʧʦʨʷʜʢʽʚ ʤʝʥʰʝ ʧʝʨʰʦʛʦ ʜʦʜʘʥʢʘ.  

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʮʽʻʾ ʘʧʨʦʢʩʠʤʘʮʽʾ ʬʦʨʤʫʣʠ (4.82), (4.83) ʙʫʜʫʪʴ ʤʘʪʠ ʪʘʢʠʡ 

ʚʠʛʣʷʜ: 

ï ʜʣʷ ʰʫʤʦʚʦʾ ʟʘʚʘʜʠ ʚ ʯʘʩʪʠʥʽ ʩʤʫʛʠ 

( )+
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ø
éê

è
+Ö-ÖÖg-º

2
2
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÷

õ

æ
æ
æ

ç
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÷
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ç
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÷
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ç
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0 75,0
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h , (4.84) 

ï ʜʣʷ ʟʘʚʘʜʠ ʫ ʚʽʜʧʦʚʽʜʴ  
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éê
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2
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02 75,0122,044,0exp758,0)1( hPb
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è

öö
÷

õ
ææ
ç

å
++Ö-ÖÖg+

---

2
11212

0 75,0122,044,0exp758,0 jhh . (4.85) 

ʇʦʭʽʜʥʘ 
gd

dPb1  ʚʽʜ ʬʫʥʢʮʽʾ (4.84) ʙʫʜʝ ʤʘʪʠ ʪʘʢʠʡ ʚʠʛʣʷʜ: 

( ) ³
g

+g
ÖgÖ-

ùú
ø

éê
è +g-Ö=

g q

q
q

d

dPb

02,0

75,002,0
333,075,002,044,0exp758,0

2
1   

( )
ùú
ø

éê
è +g-ÖÖ³

2

75,002,044,0exp02,0 qq . (4.86) 

ɼʦʨʽʚʥʷʻʤʦ ʦʪʨʠʤʘʥʝ ʚʠʨʘʞʝʥʥʷ ʜʦ ʥʫʣʷ ʡ ʚʠʨʘʟʠʤʦ g: 

28,8,
28,8

opt ²ºg q
q

. (4.87) 
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ʗʢʱʦ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʩʪʘʥʮʽʷ ʰʫʤʦʚʠʭ ʟʘʚʘʜ ʫ ʯʘʩʪʠʥʽ ʩʤʫʛʠ ʫ ʚʽʜʧʦʚʽʜʴ 

ʥʘ ʧʝʨʝʙʫʜʦʚʫ ɹɿʇɼ ʨʦʙʦʯʦʾ ʯʘʩʪʦʪʠ ʧʦ ʚʩʽʤ ʜʽʘʧʘʟʦʥʫ ʟʘʙʝʟʧʝʯʫʻ ʦʧʪʠʤʘʣʴʥʝ 

ʟʥʘʯʝʥʥʷ ʩʤʫʛʠ, ʱʦ ʧʦʜʘʚʣʶʻʪʴʩʷ optg , ʪʦ ʤʘʢʩʠʤʘʣʴʥʘ ʩʝʨʝʜʥʷ ʡʤʦʚʽʨʥʽʩʪʴ 

ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ: 

28,8,
483,3

max1 ²º q
q

Pb . (4.88) 

ʇʝʨʝʡʜʝʤʦ ʜʦ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʟʘʚʘʜ ʫ ʚʽʜʧʦʚʽʜʴ ʥʘ ɹɿʇɼ ʽʟ ʇʇʈʏ ʫ ʥʘʡʛʽʨʰʽ 

ʜʣʷ ʥʝʾ ʫʤʦʚʘʭ, ʧʨʠ ʷʢʠʭ ʟʘʚʘʜʘ ʧʦʧʘʜʘʻ ʚ ʢʘʥʘʣ ʧʨʠʡʤʘʯʘ ʜʦ ʪʦʛʦ, ʷʢ 

ʚʽʜʙʫʜʝʪʴʩʷ ʧʝʨʝʩʢʦʢ ʯʘʩʪʦʪʠ. ʋ ʮʴʦʤʫ ʛʨʘʥʠʯʥʦʤʫ ʚʠʧʘʜʢʫ 1=g  ʡ ʚʽʜʧʦʚʽʜʥʦ 

ʜʦ (4.85) ʩʝʨʝʜʥʷ ʡʤʦʚʽʨʥʽʩʪʴ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʜʦʨʽʚʥʶʻ: 

( ) ( )( )
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é
é
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õ
ææ
ç
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++Ö-Ö=
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2
11212

02 75,0122,044,0exp758,0 jb hhP . (4.89) 

ʄʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʾ ʡʤʦʚʽʨʥʦʩʪʽ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʧʨʠ ʚʧʣʠʚʽ 

ʟʘʚʘʜʠ ʫ ʚʽʜʧʦʚʽʜʴ ʚʠʟʥʘʯʘʻʪʴʩʷ ʰʣʷʭʦʤ ʨʽʰʝʥʥʷ ʨʽʚʥʷʥʥʷ 0
2

2 =
j

b

dh

dP
. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʦʭʽʜʥʘ 
2

2

j

b

dh

dP
 ʚʽʜ ʬʫʥʢʮʽʾ (4.89) ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ: 
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( ) ( )( ) ( ) ( )[ ]
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++Ö
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11212
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11212

0
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---
75,0122,044,0exp

122,0 11212

022
j

j

hh
h

. (4.90) 

ɼʦʨʽʚʥʷʻʤʦ ʦʪʨʠʤʘʥʝ ʚʠʨʘʞʝʥʥʷ ʜʦ ʥʫʣʷ ʡ ʚʠʨʘʟʠʤʦ 2

jh : 

9952,1
9

2

0

2

02

-Ö
Öº

h

h
h

optj . (4.91) 

ʇʽʜʩʪʘʚʠʚʰʠ (4.91) ʚ (4.89), ʚʠʟʥʘʯʠʤʦ ʤʘʢʩʠʤʘʣʴʥʫ ʩʝʨʝʜʥʶ ʡʤʦʚʽʨʥʽʩʪʴ 

ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʧʨʠ ʚʧʣʠʚʽ ʟʘʚʘʜʠ ʫ ʚʽʜʧʦʚʽʜʴ ʜʣʷ ʤʦʜʫʣʷʮʽʾ ʂɸʄ-64: 

( )
ö
ö
ö
ö

÷

õ

æ
æ
æ
æ

ç

å

ö
ö
ö

÷

õ

æ
æ
æ

ç

å

+
ö
ö

÷

õ

æ
æ

ç

å

ö
ö

÷

õ

æ
æ

ç

å

-Ö
Ö+-Öº

-
-

-

2
1

1

2

0

2

012

02 75,0
9952,1

9122,044,0exp758,0
h

h
hP

MAXE
. (4.92) 
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ʈʦʟʛʣʷʥʝʤʦ ʛʨʘʬʽʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʡʤʦʚʽʨʥʦʩʪʽ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʚʽʜ 

ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ-ʟʘʚʘʜʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʦʟʰʠʨʝʥʥʷ ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʫ ʜʣʷ 

ʤʦʜʫʣʷʮʽʾ ʌʄ-2 ʪʘ ʂɸʄ-16 ʧʨʠ ʚʧʣʠʚʽ ʰʫʤʦʚʦʾ ʟʘʛʦʨʦʜʞʫʚʘʣʴʥʦʾ ʟʘʚʘʜʠ, 

ʰʫʤʦʚʦʾ ʟʘʚʘʜʠ ʚ ʯʘʩʪʠʥʽ ʩʤʫʛʠ ʪʘ ʟʘʚʘʜʠ ʫ ʚʽʜʧʦʚʽʜʴ, ʘ ʪʘʢʦʞ ʚʧʣʠʚ 

ʦʧʪʠʤʘʣʴʥʦʾ ʰʫʤʦʚʦʾ ʟʘʛʦʨʦʜʞʫʚʘʣʴʥʦʾ ʟʘʚʘʜʠ ʪʘ ʦʧʪʠʤʘʣʴʥʦʾ ʟʘʚʘʜʠ ʫ 

ʚʽʜʧʦʚʽʜʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʪʨʠʤʘʥʠʭ ʬʦʨʤʫʣ (4.16), (4.20), (4.24), (4.33), (4.38), 

(4.57)-(4.59), (4.67), (4.71). 

ʅʘ ʨʠʩ. 4.1 ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʛʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʡʤʦʚʽʨʥʦʩʪʽ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ 

ʚʽʜ ʧʘʨʘʤʝʪʨʘ q ʜʣʷ ʤʦʜʫʣʷʮʽʾ ʌʄ-2 ʧʨʠ 34,162

0 =h  ʜɹ (ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʡʤʦʚʽʨʥʦʩʪʽ ʧʦʤʠʣʢʠ 510-=BP  ʜʣʷ ʤʦʜʫʣʷʮʽʾ ʂɸʄ-16 ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʟʘʚʘʜ). ʎʷ 

ʟʘʣʝʞʥʽʩʪʴ ʧʦʢʘʟʫʻ, ʱʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʚʘʜʠ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ 

ʧʦʪʫʞʥʦʩʪʽ ʟʘʚʘʜʠ, ʽ ʥʘʚʧʘʢʠ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʚʘʜʠ ʤʦʞʥʘ ʟʤʝʥʰʠʪʠ ʰʣʷʭʦʤ 

ʟʙʽʣʴʰʝʥʥʷ ʝʥʝʨʛʽʾ ʩʠʛʥʘʣʫ ʥʘ ʙʽʪ bE  ʘʙʦ ʨʦʟʰʠʨʝʥʥʷʤ ʨʦʙʦʯʦʾ ʩʤʫʛʠ ʯʘʩʪʦʪ 

ȹFS. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

, ʜɹ 

ʌʄ-2 ʙʝʟ ʟʘʚʘʜ 

ʈʠʩ. 4.1. ɿʘʣʝʞʥʽʩʪʴ ʡʤʦʚʽʨʥʦʩʪʽ ʙ̔ʪʦʚʦ ʾʧʦʤʠʣʢʠ ʧʨʠ ʤʦʜʫʣʷʮʽʾ ʌʄ-2, 

ɸɹɻʐ ʪʘ ʰʫʤʦʚʦʾ ʟʘʛʦʨʦʜʞʫʚʘʣʴʥʦʾ ʟʘʚʘʜʠ  

ʌʄ-2 ʟ ʟʘʚʘʜʘʤʠ 
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ʅʘ ʨʠʩ. 4.2 ʟʦʙʨʘʞʝʥʽ ʛʨʘʬʽʢʠ ʟʘʣʝʞʥʦʩʪʽ 
BP  ʚʽʜ q ʧʨʠ ʚʧʣʠʚʽ ʥʘ ɹɿʇɼ 

ʰʫʤʦʚʦʾ ʟʘʚʘʜʠ ʚ ʯʘʩʪʠʥʽ ʩʤʫʛʠ ʜʣʷ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ g ʟʘ ʫʤʦʚʠ, ʱʦ 34,162

0 =h  ʜɹ.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʅʘ ʛʨʘʬʽʢʫ ʪʘʢʦʞ ʧʦʢʘʟʘʥʘ ʜʦʪʠʯʥʘ ʜʦ ʬʫʥʢʮʽʡ, ʱʦ ʧʦʢʘʟʫʻ ʤʘʢʩʠʤʘʣʴʥʫ 

ʡʤʦʚʽʨʥʽʩʪʴ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ 
MAXBP  ʧʨʠ optg=g , ʚʠʟʥʘʯʝʥʘ ʧʦ ʬʦʨʤʫʣʽ (4.33). 

ɻʨʘʬʽʢʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʚ ʦʙʣʘʩʪʽ ʤʘʣʠʭ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʘ q ʥʘʡʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ɹɿʇɼ ʽʟ ʧʦʛʣʷʜʫ ʧʦʩʪʘʥʦʚʥʠʢʘ ʟʘʚʘʜ ʨʦʙʠʪʴ ʟʘʚʘʜʘ ʟʽ 

ʟʥʘʯʝʥʥʷʤʠ 1­g , ʘ ʚ ʦʙʣʘʩʪʽ ʚʠʩʦʢʠʭ ʟʥʘʯʝʥʴ ï ʟʘʚʘʜʘ ʟʽ ʟʥʘʯʝʥʥʷʤʠ 0­g . ʇʨʠ 

optg=g  ʝʢʩʧʦʥʝʥʪʥʠʡ ʭʘʨʘʢʪʝʨ ʟʘʣʝʞʥʦʩʪʽ ʡʤʦʚʽʨʥʦʩʪʽ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ 

ʟʤʽʥʶʻʪʴʩʷ ʥʘ ʣʽʥʽʡʥʠʡ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʦʛʦ ʟʤʝʥʰʝʥʥʷ ʟʘʚʘʜʦʩʪʽʡʢʦʩʪʽ 

ɹɿʇɼ ʽʟ ʇʇʈʏ. ʐʫʤʦʚʘ ʟʘʚʘʜʘ, ʱʦ ʤʘʻ ʦʧʪʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʧʦʜʘʚʣʝʥʦʾ 

ʧʦʣʦʩʠ optg , ʟ ʧʦʛʣʷʜʫ ʟʘʚʘʜʦʩʪʽʡʢʦʩʪʽ ɹɿʇɼ ʻ ʥʘʡʛʽʨʰʦʶ. 

ʅʘʧʨʠʢʣʘʜ, ʧʨʠ ʛʘʫʩʽʚʩʴʢʽʡ ʟʘʚʘʜʽ ʚ ʫʩʽʡ ʩʤʫʟʽ (1=g ), ʥʝʦʙʭʽʜʥʝ ʟʥʘʯʝʥʥʷ 

ʧʘʨʘʤʝʪʨʘ q = 9,1 ʜɹ ʜʣʷ ʡʤʦʚʽʨʥʦʩʪʽ 410-=BP . ʇʨʠ ʥʘʡʛʽʨʰʽʡ ʟʘʚʘʜʽ, ʢʦʣʠ  

optg=g , ʡʤʦʚʽʨʥʽʩʪʴ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ 410-=
MAXBP  ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ ʚʽʜʥʦʰʝʥʥʽ  

 

 

 

, ʜɹ 

 

 

 

 

 

 

ʈʠʩ. 4.2. ɿʘʣʝʞʥʽʩʪʴ ʡʤʦʚʽʨʥʦʩʪʽ ʙ̔ʪʦʚʦ ʾʧʦʤʠʣʢʠ ʧʨʠ ʤʦʜʫʣʷʮʽʾ ʌʄ-2, 

ɸɹɻʐ ʪʘ ʰʫʤʦʚʦʾ ʟʘʚʘʜʠ ʚ ʯʘʩʪʠʥʽ ʩʤʫʛʠ  
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q = 29,5 ʜɹ. ʊ. ʯ., ʧʨʠ ʥʘʡʛʽʨʰʽʡ ʟʘʚʘʜʽ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 410-=BP  ʥʝʦʙʭʽʜʥʦ 

ʟʙʽʣʴʰʠʪʠ ʚʽʜʥʦʰʝʥʥʷ q ʥʘ 20,4 ʜɹ. 

ʋ ʚʠʧʘʜʢʫ ʟʘʚʘʜ ʫ ʚʽʜʧʦʚʽʜʴ (ʨʠʩ. 4.3) ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʶ ʻ ʟʘʚʘʜʘ, ʱʦ 

ʧʦʚʥʽʩʪʶ ʧʦʜʘʚʣʶʻ ʢʦʨʠʩʥʠʡ ʩʠʛʥʘʣ (1=g ), ʦʜʥʘʢ ʥʘ ʧʨʘʢʪʠʮʽ ʪʘʢʫ ʟʘʚʘʜʫ 

ʨʝʘʣʽʟʫʚʘʪʠ ʧʨʘʢʪʠʯʥʦ ʥʝʤʦʞʣʠʚʦ. ʇʨʠ ʟʤʝʥʰʝʥʥʽ ʯʘʩʪʠʥʠ ʧʦʜʘʚʣʝʥʦʾ ʧʦʣʦʩʠ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʚʘʜʠ ʫ ʚʽʜʧʦʚʽʜʴ ʟʤʝʥʰʫʻʪʴʩʷ.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʅʘ ʨʠʩ. 4.4-4.6 ʧʦʢʘʟʘʥʽ ʘʥʘʣʦʛʽʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ ʤʦʜʫʣʷʮʽʾ ʂɸʄ-16. 

ɺʠʟʥʘʯʠʤʦ ʡʤʦʚʽʨʥʽʩʪʴ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʜʝʢʦʜʫʚʘʥʥʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʢʦʜʽʚ ɹʏʍ, ʈʠʜʘ-ʉʦʣʦʤʦʥʘ ʪʘ ʪʫʨʙʦ ʢʦʜʽʚ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʦʜʽʚ ɹʏʍ ʽ ʈʠʜʘ-

ʉʦʣʦʤʦʥʘ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʜʝʤʦʜʫʣʷʪʦʨ ʟ ñʪʚʝʨʜʠʤò ʨʽʰʝʥʥʷʤ, ʘ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʫʨʙʦ ʢʦʜʽʚ ï ʟ ñʤ'ʷʢʠʤò ʨʽʰʝʥʥʷʤ. 

ʆʩʥʦʚʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʙʣʦʢʦʚʠʭ ʢʦʜʽʚ ʻ [12]: ʯʠʩʣʦ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʙʽʪ k ̔  

ʜʦʚʞʠʥʘ ʢʦʜʫ ʧ; ʚʽʜʥʦʩʥʘ ʰʚʠʜʢʽʩʪʴ ʢʦʜʫ R = k/n; ʤʽʥʽʤʘʣʴʥʘ ʢʦʜʦʚʘ ʚʽʜʩʪʘʥʴ d, 

ʨʽʚʥʘ ʥʘʡʤʝʥʰʦʤʫ ʟʥʘʯʝʥʥʶ ʚʽʜʩʪʘʥʽ ʍʝʤʤʽʥʛʘ, ʷʢʘ ʷʚʣʷʻ ʩʦʙʦʶ ʯʠʩʣʦ ʧʦʟʠʮʽʡ, 

ʜʝ ʢʦʜʦʚʽ ʢʦʤʙʽʥʘʮʽʾ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʜʨʫʛ ʚʽʜ ʜʨʫʛʘ; ʤʘʢʩʠʤʘʣʴʥʝ ʯʠʩʣʦ ʧʦʤʠʣʦʢ, 

 

 

 

 

, ʜɹ 

 

 

 

 

 

 

ʈʠʩ. 4.3. ɿʘʣʝʞʥʽʩʪʴ ʡʤʦʚʽʨʥʦʩʪʽ ʙ̔ʪʦʚʦ ʾʧʦʤʠʣʢʠ ʧʨʠ ʤʦʜʫʣʷʮʽʾ ʌʄ-2, 

ɸɹɻʐ ʪʘ ʰʫʤʦʚʦʾ ʟʘʚʘʜʠ ʫ ʚʽʜʧʦʚʽʜʴ  

ʌʄ-2 ʙʝʟ ʟʘʚʘʜ 
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ʱʦ ʚʠʧʨʘʚʣʷʶʪʴʩʷ, ʥʘ ʜʦʚʞʠʥʽ ʢʦʜʦʚʦʛʦ ʩʣʦʚʘ S, ʧʦʚ'ʷʟʘʥʝ ʟ d ʟʘʣʝʞʥʽʩʪʶ S = 

((dï1)/2), ʜʝ ê*ú ï ʮʽʣʘ ʯʘʩʪʠʥʘ ʯʠʩʣʘ; ʥʘʜʤʽʨʥʽʩʪʴ ʢʦʜʫ, ʧʽʜ ʷʢʦʶ ʨʦʟʫʤʽʻʪʴʩʷ 

ʧʘʨʘʤʝʪʨ Þ = R /n = 1 ï R, ʱʦ ʚʠʟʥʘʯʘʻ ʯʘʩʪʢʫ ʥʘʜʣʠʰʢʦʚʦ ʧʝʨʝʜʘʥʠʭ ʩʠʤʚʦʣʽʚ. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

, ʜɹ 

ʈʠʩ. 4.4. ɿʘʣʝʞʥʽʩʪʴ ʡʤʦʚʽʨʥʦʩʪʽ ʙ̔ʪʦʚʦ ʾʧʦʤʠʣʢʠ ʧʨʠ ʤʦʜʫʣʷʮʽʾ ʂɸʄ-

16, ɸɹɻʐ ʪʘ ʰʫʤʦʚʦʾ ʟʘʛʦʨʦʜʞʫʚʘʣʴʥʦʾ ʟʘʚʘʜʠ  

ʂɸʄ-16 ʙʝʟ ʟʘʚʘʜ 

ʂɸʄ-16 ʟ ʟʘʚʘʜʘʤʠ 

 

 

, ʜɹ 

 

 

 

 

 

 

ʈʠʩ. 4.5. ɿʘʣʝʞʥʽʩʪʴ ʡʤʦʚʽʨʥʦʩʪʽ ʙ̔ʪʦʚʦ ʾʧʦʤʠʣʢʠ ʧʨʠ ʤʦʜʫʣʷʮʽʾ ʂɸʄ-

16, ɸɹɻʐ ʪʘ ʰʫʤʦʚʦʾ ʟʘʚʘʜʠ ʚ ʯʘʩʪʠʥʽ ʩʤʫʛʠ  
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ʋ ʚʠʧʘʜʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʚʘʜʦʩʪʽʡʢʦʛʦ ʢʦʜʫʚʘʥʥʷ ʚ ʘʥʘʣʽʪʠʯʥʠʭ 

ʟʘʣʝʞʥʦʩʪʷʭ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʩʝʨʝʜʥʴʦʾ ʡʤʦʚʽʨʥʦʩʪʽ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʜʣʷ 

ʤʦʜʫʣʷʮʽʡ ʌʄ-2, ʌʄ-4, ʌʄ-8, ʂɸʄ-16, ʂɸʄ-64 ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ 

ʝʥʝʨʛʽʷ ʢʘʥʘʣʴʥʦʛʦ ʩʠʤʚʦʣʫ [12] 

bbc ERE
n

k
E Ö=Öö

÷

õ
æ
ç

å
= .  

ʉʝʨʝʜʥʷ ʡʤʦʚʽʨʥʽʩʪʴ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʜʝʢʦʜʫʚʘʥʥʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʙʣʦʢʦʚʠʭ ʢʦʜʽʚ ʍʝʤʤʽʥʛʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʚʠʨʘʞʝʥʥʷʤ: 

( )1

ʜʝʢ 1
-

-Ö-=
n

BBBB PPPP ,  

ʜʝ n ï ʜʦʚʞʠʥʘ ʢʦʜʘ, BP  - ʩʝʨʝʜʥʷ ʡʤʦʚʽʨʥʽʩʪʴ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʜʣʷ ʨʽʟʥʠʭ ʚʠʜʽʚ 

ʤʦʜʫʣʷʮʽʡ ʧʨʠ ʨʽʟʥʠʭ ʩʪʨʘʪʝʛʽʷʭ ʧʦʩʪʘʥʦʚʢʠ ʥʘʚʤʠʩʥʠʭ ʟʘʚʘʜ, ʷʢʘ 

ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʜʣʷ ʢʦʥʢʨʝʪʥʦʾ ʟʘʚʘʜʦʚʦʾ ʦʙʩʪʘʥʦʚʢʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʝʨʝʜʥʷ ʡʤʦʚʽʨʥʽʩʪʴ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʜʝʢʦʜʫʚʘʥʥʷ ʧʨʠ 

ʚʧʣʠʚʽ ʰʫʤʦʚʦʾ ʟʘʛʦʨʦʜʞʫʚʘʣʴʥʦʾ ʟʘʚʘʜʠ ʚʠʟʥʘʯʘʻʪʴʩʷ: 

ʜʣʷ ʌʄ-2 

 

 

 

, ʜɹ 

 

 

 

 

 

 

ʈʠʩ. 4.6. ɿʘʣʝʞʥʽʩʪʴ ʡʤʦʚʽʨʥʦʩʪʽ ʙ̔ʪʦʚʦ ʾʧʦʤʠʣʢʠ ʧʨʠ ʤʦʜʫʣʷʮʽʾ ʂɸʄ-

16, ɸɹɻʐ ʪʘ ʰʫʤʦʚʦʾ ʟʘʚʘʜʠ ʫ ʚʽʜʧʦʚʽʜʴ  

ʌʄ-2 ʙʝʟ ʟʘʚʘʜ 
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( )1

ʜʝʢ 1
-

-Ö-=
n

BBBB PPPP , (4.93) 

ʜʝ 
BP  ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʧʦ (4.16); 

ʜʣʷ ʌʄ-4 

( )1

ʜʝʢ 1
-

-Ö-=
n

BBBB PPPP , (4.94) 

ʜʝ 
BP  ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʧʦ (4.17); 

ʜʣʷ ʌʄ-8 

( )1

ʜʝʢ 1
-

-Ö-=
n

BBBB PPPP , (4.95) 

ʜʝ BP  ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʧʦ (4.18); 

ʜʣʷ ʂɸʄ-16 

( )1

ʜʝʢ 1
-

-Ö-=
n

BBBB PPPP , (4.96) 

ʜʝ BP  ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʧʦ (4.57); 

ʜʣʷ ʂɸʄ-64 

( )1

ʜʝʢ 1
-

-Ö-=
n

BBBB PPPP , (4.97) 

ʜʝ BP  ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʧʦ (4.78). 

ʉʝʨʝʜʥʷ ʡʤʦʚʽʨʥʽʩʪʴ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʜʝʢʦʜʫʚʘʥʥʷ ʧʨʠ ʚʧʣʠʚʽ ʰʫʤʦʚʦʾ 

ʟʘʚʘʜʠ ʚ ʯʘʩʪʠʥʽ ʩʤʫʛʠ ʚʠʟʥʘʯʘʻʪʴʩʷ: 

ʜʣʷ ʌʄ-2 

( )1

111ʜʝʢ1 1
-

-Ö-=
n

BBBB PPPP , (4.98) 

ʜʝ 1BP  ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʧʦ (4.20); 

ʜʣʷ ʌʄ-4 

( )1

111ʜʝʢ1 1
-

-Ö-=
n

BBBB PPPP , (4.99) 

ʜʝ 1BP  ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʧʦ (4.21); 

ʜʣʷ ʌʄ-8 

( )1

111ʜʝʢ1 1
-

-Ö-=
n

BBBB PPPP , (4.100) 

ʜʝ 1BP  ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʧʦ (4.22); 

ʜʣʷ ʂɸʄ-16 

( )1

111ʜʝʢ1 1
-

-Ö-=
n

BBBB PPPP , (4.101) 
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ʜʝ 
1BP  ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʧʦ (4.58); 

ʜʣʷ ʂɸʄ-64 

( )1

111ʜʝʢ1 1
-

-Ö-=
n

BBBB PPPP , (4.102) 

ʜʝ 1BP  ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʧʦ (4.79). 

ʉʝʨʝʜʥʷ ʡʤʦʚʽʨʥʽʩʪʴ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʜʝʢʦʜʫʚʘʥʥʷ ʧʨʠ ʚʧʣʠʚʽ ʟʘʚʘʜʠ ʫ 

ʚʽʜʧʦʚʽʜʴ ʜʦʨʽʚʥʶʻ: 

ʜʣʷ ʌʄ-2, 4 

( )1

222ʜʝʢ2 1
-

-Ö-=
n

BBBB PPPP , (4.103) 

ʜʝ 2BP  ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʧʦ (4.24); 

ʜʣʷ ʌʄ-8 

( )1

222ʜʝʢ2 1
-

-Ö-=
n

BBBB PPPP , (4.104) 

ʜʝ 2BP  ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʧʦ (4.25); 

ʜʣʷ ʂɸʄ-16 

( )1

222ʜʝʢ2 1
-

-Ö-=
n

BBBB PPPP , (4.105) 

ʜʝ 2BP  ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʧʦ (4.59); 

ʜʣʷ ʂɸʄ-64 

( )1

222ʜʝʢ2 1
-

-Ö-=
n

BBBB PPPP , (4.106) 

ʜʝ 2BP  ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʧʦ (4.80). 

ʄʘʢʩʠʤʘʣʴʥʘ ʩʝʨʝʜʥʷ ʡʤʦʚʽʨʥʽʩʪʴ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʜʝʢʦʜʫʚʘʥʥʷ ʧʨʠ 

ʚʧʣʠʚʽ ʦʧʪʠʤʘʣʴʥʦʾ ʰʫʤʦʚʦʾ ʟʘʚʘʜʠ ʚ ʯʘʩʪʠʥʽ ʩʤʫʛʠ: 

ʜʣʷ ʌʄ-2 

( )1

111ʜʝʢ1 1
-

-Ö-=
n

BBBB MAXMAXMAXMAX
PPPP , (4.107) 

ʜʝ 
MAXBP 1  ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʧʦ (4.33); 

ʜʣʷ ʌʄ-4 

( )1

111ʜʝʢ1 1
-

-Ö-=
n

BBBB MAXMAXMAXMAX
PPPP , (4.108) 

ʜʝ 
MAXBP 1  ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʧʦ (4.34); 

ʜʣʷ ʌʄ-8 
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( )1

111ʜʝʢ1 1
-

-Ö-=
n

BBBB MAXMAXMAXMAX
PPPP , (4.109) 

ʜʝ 
MAXBP 1  ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʧʦ (4.46); 

ʜʣʷ ʂɸʄ-16 

( )1

111ʜʝʢ1 1
-

-Ö-=
n

BBBB MAXMAXMAXMAX
PPPP , (4.110) 

ʜʝ 
MAXBP 1  ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʧʦ (4.67); 

ʜʣʷ ʂɸʄ-64 

( )1

111ʜʝʢ1 1
-

-Ö-=
n

BBBB MAXMAXMAXMAX
PPPP , (4.111) 

ʜʝ 
MAXBP 1  ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʧʦ (4.88). 

ʄʘʢʩʠʤʘʣʴʥʘ ʩʝʨʝʜʥʷ ʡʤʦʚʽʨʥʽʩʪʴ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʜʝʢʦʜʫʚʘʥʥʷ ʧʨʠ 

ʚʧʣʠʚʽ ʦʧʪʠʤʘʣʴʥʦʾ ʟʘʚʘʜʠ ʫ ʚʽʜʧʦʚʽʜʴ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ: 

ʜʣʷ ʌʄ-2, 4 

( )1

222ʜʝʢ2 1
-

-Ö-=
n

BBBB MAXMAXMAXMAX
PPPP , (4.112) 

ʜʝ 
MAXBP 2  ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʧʦ (4.38); 

ʜʣʷ ʌʄ-8 

( )1

222ʜʝʢ2 1
-

-Ö-=
n

BBBB MAXMAXMAXMAX
PPPP , (4.113) 

ʜʝ 
MAXBP 2  ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʧʦ (4.51); 

ʜʣʷ ʂɸʄ-16 

( )1

111ʜʝʢ1 1
-

-Ö-=
n

BBBB MAXMAXMAXMAX
PPPP , (4.114) 

ʜʝ 
MAXBP 2  ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʧʦ (4.71); 

ʜʣʷ ʂɸʄ-64 

( )1

222ʜʝʢ2 1
-

-Ö-=
n

BBBB MAXMAXMAXMAX
PPPP , (4.115) 

ʜʝ 
MAXBP 2  ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʧʦ (4.92). 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʦʜʽʚ ʈʠʜʘ-ʉʦʣʦʤʦʥʘ ʩʝʨʝʜʥʷ ʡʤʦʚʽʨʥʽʩʪʴ ʙʽʪʦʚʦʾ 

ʧʦʤʠʣʢʠ ʜʝʢʦʜʫʚʘʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʘʥʘʣʽʪʠʯʥʠʤ ʚʠʨʘʟʦʤ: 
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ʜʝ m ï ʙʽʪʦʚʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʢʦʜʦʚʦʛʦ ʩʠʤʚʦʣʫ, d ï ʢʽʣʴʢʽʩʪʴ ʧʦʤʠʣʢʦʚʠʭ ʙʽʪ ʫ  
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ʩʠʤʚʦʣʽ, ʷʢʽ ʤʦʞʝ ʚʠʧʨʘʚʠʪʠ ʢʦʜ, 
BP  ï ʩʝʨʝʜʥʷ ʡʤʦʚʽʨʥʽʩʪʴ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʜʣʷ 

ʨʽʟʥʠʭ ʚʠʜʽʚ ʤʦʜʫʣʷʮʽʡ ʧʨʠ ʨʽʟʥʠʭ ʩʪʨʘʪʝʛʽʷʭ ʧʦʩʪʘʥʦʚʢʠ ʥʘʚʤʠʩʥʠʭ ʟʘʚʘʜ, ʷʢʘ 

ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʜʣʷ ʢʦʥʢʨʝʪʥʦʾ ʟʘʚʘʜʦʚʦʾ ʦʙʩʪʘʥʦʚʢʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʝʨʝʜʥʷ ʡʤʦʚʽʨʥʽʩʪʴ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʜʝʢʦʜʫʚʘʥʥʷ ʧʨʠ 

ʚʧʣʠʚʽ ʰʫʤʦʚʦʾ ʟʘʛʦʨʦʜʞʫʚʘʣʴʥʦʾ ʟʘʚʘʜʠ ʚʠʟʥʘʯʘʻʪʴʩʷ: 

ʜʣʷ ʌʄ-2 
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( )
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P , (4.116) 

ʜʝ BP  ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʧʦ (4.16); 

ʜʣʷ ʌʄ-4 

( )
( )

( )( )ä
-
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P , (4.117) 

ʜʝ BP  ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʧʦ (4.17); 

ʜʣʷ ʌʄ-8 

( )
( )

( )( )ä
-
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--

ù
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P , (4.118) 

ʜʝ BP  ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʧʦ (4.18); 

ʜʣʷ ʂɸʄ-16 

( )
( )

( )( )ä
-
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P , (4.119) 

ʜʝ BP  ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʧʦ (4.57); 

ʜʣʷ ʂɸʄ-64 

( )
( )

( )( )ä
-
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P , (4.120) 

ʜʝ BP  ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʧʦ (4.78). 

ʉʝʨʝʜʥʷ ʡʤʦʚʽʨʥʽʩʪʴ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʜʝʢʦʜʫʚʘʥʥʷ ʧʨʠ ʚʧʣʠʚʽ ʰʫʤʦʚʦʾ 

ʟʘʚʘʜʠ ʚ ʯʘʩʪʠʥʽ ʩʤʫʛʠ ʚʠʟʥʘʯʘʻʪʴʩʷ: 

ʜʣʷ ʌʄ-2 
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P , (4.121) 
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ʜʝ 
1BP  ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʧʦ (4.20); 

ʜʣʷ ʌʄ-4 
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P , (4.122) 

ʜʝ 
1BP  ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʧʦ (4.21); 

ʜʣʷ ʌʄ-8 
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( )
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P , (4.123) 

ʜʝ 1BP  ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʧʦ (4.22); 

ʜʣʷ ʂɸʄ-16 
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P , (4.124) 

ʜʝ 1BP  ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʧʦ (4.58); 

ʜʣʷ ʂɸʄ-64 
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P , (4.125) 

ʜʝ 1BP  ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʧʦ (4.79). 

ʉʝʨʝʜʥʷ ʡʤʦʚʽʨʥʽʩʪʴ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʜʝʢʦʜʫʚʘʥʥʷ ʧʨʠ ʚʧʣʠʚʽ ʟʘʚʘʜʠ ʫ 

ʚʽʜʧʦʚʽʜʴ ʜʦʨʽʚʥʶʻ: 

ʜʣʷ ʌʄ-2, 4 
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P , (4.126) 

ʜʝ 2BP  ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʧʦ (4.24); 

ʜʣʷ ʌʄ-8 
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P , (4.127) 

ʜʝ 2BP  ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʧʦ (4.25); 

ʜʣʷ ʂɸʄ-16 
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ʜʝ 
2BP  ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʧʦ (4.59); 

ʜʣʷ ʂɸʄ-64 
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ʜʝ 
2BP  ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʧʦ (4.80). 

ʄʘʢʩʠʤʘʣʴʥʘ ʩʝʨʝʜʥʷ ʡʤʦʚʽʨʥʽʩʪʴ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʜʝʢʦʜʫʚʘʥʥʷ ʧʨʠ 

ʚʧʣʠʚʽ ʦʧʪʠʤʘʣʴʥʦʾ ʰʫʤʦʚʦʾ ʟʘʚʘʜʠ ʚ ʯʘʩʪʠʥʽ ʩʤʫʛʠ: 
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P , (4.130) 

ʜʝ 
MAXBP 1  ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʧʦ (4.33); 
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P , (4.131) 

ʜʝ 
MAXBP 1  ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʧʦ (4.34); 

ʜʣʷ ʌʄ-8 
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P , (4.132) 

ʜʝ 
MAXBP 1  ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʧʦ (4.46); 

ʜʣʷ ʂɸʄ-16 
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P , (4.133) 

ʜʝ 
MAXBP 1  ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʧʦ (4.67); 

ʜʣʷ ʂɸʄ-64 
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P , (4.134) 

ʜʝ 
MAXBP 1  ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʧʦ (4.88). 

ʄʘʢʩʠʤʘʣʴʥʘ ʩʝʨʝʜʥʷ ʡʤʦʚʽʨʥʽʩʪʴ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʜʝʢʦʜʫʚʘʥʥʷ ʧʨʠ 

ʚʧʣʠʚʽ ʦʧʪʠʤʘʣʴʥʦʾ ʟʘʚʘʜʠ ʫ ʚʽʜʧʦʚʽʜʴ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ: 

ʜʣʷ ʌʄ-2, 4 
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ʜʝ 
MAXBP 2  ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʧʦ (4.38); 

ʜʣʷ ʌʄ-8 
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ʜʝ 
MAXBP 2  ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʧʦ (4.51); 

ʜʣʷ ʂɸʄ-16 
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P , (4.137) 

ʜʝ 
MAXBP 2  ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʧʦ (4.71); 

ʜʣʷ ʂɸʄ-64 
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ʜʝ 
MAXBP 2  ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʧʦ (4.92). 

ʋ ʚʠʧʘʜʢʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ʊʂ ʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʾ ʡʤʦʚʽʨʥʦʩʪʽ ʙʽʪʦʚʦʾ 

ʧʦʤʠʣʢʠ ʜʝʢʦʜʫʚʘʥʥʷ ʜʣʷ ʟʘʜʘʥʦʾ ʟʘʚʘʜʦʚʦʾ ʦʙʩʪʘʥʦʚʢʠ ʦʪʨʠʤʫʶʪʴʩʷ ʪʽʣʴʢʠ 

ʰʣʷʭʦʤ ʧʨʦʚʝʜʝʥʥʷ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʪʦʤʫ ʱʦ ʪʦʯʥʠʭ ʘʥʘʣʽʪʠʯʥʠʭ 

ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘʚʘʜʦ ʟʘʭʠʱʝʥʦʩʪʽ ʥʝ ʽʩʥʫʻ. ɺ 

ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʪʘʪʠʩʪʠʯʥʫ ʽʤʽʪʘʮʽʡʥʫ ʤʦʜʝʣʴ.  

ʅʘ ʥʘʩʪʫʧʥʦʤʫ ʝʪʘʧʽ ʨʦʟʨʦʙʠʤʦ ʤʝʪʦʜ ʧʽʜʛʦʪʦʚʢʠ ʧʝʨʚʠʥʥʦʾ ʽʥʬʦʨʤʘʮʽʾ 

ʜʣʷ ʘʜʘʧʪʠʚʥʠʭ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʟʘʩʦʙʽʚ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. 

 

4.2. ʄʝʪʦʜ ʧʽʜʛʦʪʦʚʢʠ ʧʝʨʚʠʥʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʘʜʘʧʪʠʚʥʠʭ 

ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʟʘʩʦʙʽʚ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ 

 

ʄʝʪʦʜ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʚʠʙʦʨʫ ʩʪʨʫʢʪʫʨʠ ʪʘ ʧʘʨʘʤʝʪʨʽʚ ʢʦʜʽʚ ʚ 

ʘʜʘʧʪʠʚʥʠʭ ɹɿʇɼ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʟʘʜʘʥʽ ʧʦʢʘʟʥʠʢʠ ʜʦʩʪʦʚʽʨʥʦʩʪʽ 

ʽʥʬʦʨʤʘʮʽʾ ʚ ɹɿʇɼ. 
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ʉʫʪʥʽʩʪʴ ʤʝʪʦʜʫ ʧʦʣʷʛʘʻ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʥʦʚʠʭ ʘʥʘʣʽʪʠʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ 

ʚʠʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʾ ʡʤʦʚʽʨʥʦʩʪʽ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʜʝʢʦʜʫʚʘʥʥʷ ʜʣʷ ʙʣʦʢʦʚʠʭ 

ʢʦʜʽʚ ʪʘ ʢʦʜʽʚ ʈʽʜʘ-ʉʦʣʦʤʦʥʘ, ʚʠʟʥʘʯʝʥʥʽ ʩʝʨʝʜʥʴʦʾ ʡʤʦʚʽʨʥʦʩʪʽ ʙʽʪʦʚʦʾ 

ʧʦʤʠʣʢʠ ʜʝʢʦʜʫʚʘʥʥʷ ʜʣʷ ʊʂ ʰʣʷʭʦʤ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ ʨʽʟʥʠʭ 

ʩʪʨʘʪʝʛʽʡ ʟʘʚʘʜ, ʧʦʨʽʚʥʷʥʥʽ ʦʪʨʠʤʘʥʠʭ ʟʥʘʯʝʥʴ ʩʝʨʝʜʥʴʦʾ ʡʤʦʚʽʨʥʦʩʪʽ ʙʽʪʦʚʦʾ 

ʧʦʤʠʣʢʠ ʜʝʢʦʜʫʚʘʥʥʷ ʟ ʧʦʨʦʛʦʚʠʤ ʟʥʘʯʝʥʥʷʤ ʪʘ ʚʠʟʥʘʯʝʥʥʽ ʟʘ ʟʘʧʨʦʧʦʥʦʚʘʥʠʤ 

ʘʣʛʦʨʠʪʤʦʤ ʢʦʜʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. 

ʇʨʠ ʨʝʘʣʽʟʘʮʽʾ ʤʝʪʦʜʫ ʚʠʟʥʘʯʠʤʦ ʪʘʢʽ ʦʙʤʝʞʝʥʥʷ: const=)1(
T , ʘʣʛʦʨʠʪʤ 

ʜʝʢʦʜʫʚʘʥʥʷ Max Log Map, ʰʚʠʜʢʽʩʪʴ ʢʦʜʫʚʘʥʥʷ 5/1²R ; ʢʽʣʴʢʽʩʪʴ ʜʝʢʦʜʝʨʽʚ ʚ 

ʽʪʝʨʘʮʽʾ ʜʝʢʦʜʫʚʘʥʥʷ ʜʚʘ ʘʙʦ ʪʨʠ, ʤʦʜʫʣʷʮʽʷ ʌʄ-2, ʌʄ-4, ʌʄ-8, ʂɸʄ-16. 

ʄʝʪʦʜ ʨʝʘʣʽʟʫʻʪʴʩʷ ʚ ʥʘʩʪʫʧʥʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ (ʨʠʩ. 4.7): 

1. ɺʠʟʥʘʯʝʥʥʷ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ: ʤʘʩʠʚ ʜʘʥʠʭ ʟʘʚʘʜ Z , ʤʘʩʠʚ ʜʘʥʠʭ 

ʬʽʢʩʦʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʫʨʙʦ ʢʦʜʫ T , ʤʘʩʠʚ ʜʘʥʠʭ ʟʤʽʥʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʊʂ vT , 

ʤʘʩʠʚ ʜʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʢʦʜʽʚ ʍʝʤʤʽʥʛʘ H , ʤʘʩʠʚ ʜʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʢʦʜʽʚ ʈ̔ʜʘ-

ʉʦʣʦʤʦʥʘ R , ʟʘʜʘʥʘ ʡʤʦʚʽʨʥʽʩʪʴ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʜʝʢʦʜʫʚʘʥʥʷ ʟʘʜʜʝʢBP . 

2. ʈʦʟʨʘʭʫʥʦʢ ʩʝʨʝʜʥʴʦʾ ʡʤʦʚʽʨʥʦʩʪʽ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ BP  ʜʣʷ ʟʘʜʘʥʦʛʦ 

ʚʠʜʫ ʤʦʜʫʣʷʮʽʾ ʩʠʛʥʘʣʫ ʪʘ ʟʘʜʘʥʦʾ ʩʪʨʘʪʝʛʽʾ ʧʦʩʪʘʥʦʚʢʠ ʥʘʚʤʠʩʥʠʭ ʟʘʚʘʜ: 

ï ʜʣʷ ʐɿɿ ʟʘ (4.16), (4.17), (4.18), (4.57), (4.78) ʚʽʜʧʦʚʽʜʥʦ ʟ ʦʙʨʘʥʠʤ 

ʚʠʜʦʤ ʤʦʜʫʣʷʮʽʾ; 

ï ʜʣʷ ʐɿʏʉ ʟʘ (4.20), (4.21), (4.22), (4.58), (4.79) ʚʽʜʧʦʚʽʜʥʦ ʟ ʟʘʜʘʥʠʤ 

ʚʠʜʦʤ ʤʦʜʫʣʷʮʽʾ; 

ï ʜʣʷ ɿɺ ʟʘ (4.24), (4.25), (4.59), (4.80) ʚʽʜʧʦʚʽʜʥʦ ʟ ʟʘʜʘʥʦʶ ʤʦʜʫʣʷʮʽʻʶ 

ʩʠʛʥʘʣʫ; 

ï ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʾ ʐɿʏʉ ʟʘ (4.33), (4.34), (4.46), (4.67), (4.88) ʚʽʜʧʦʚʽʜʥʦ ʟ 

ʦʙʨʘʥʦʶ ʤʦʜʫʣʷʮʽʻ ;ʁ 

ï ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʾ ɿɺ ʟʘ (4.38), (4.51), (4.71), (4.92) ʚʽʜʧʦʚʽʜʥʦ ʟ ʟʘʜʘʥʠʤ 

ʚʠʜʦʤ ʤʦʜʫʣʷʮʽʾ. 

3. ʈʦʟʨʘʭʫʥʦʢ ʩʝʨʝʜʥʴʦʾ ʡʤʦʚʽʨʥʦʩʪʽ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʜʝʢʦʜʫʚʘʥʥʷ ʜʝʢBP  

ʜʣʷ ʙʣʦʢʦʚʠʭ ʢʦʜʽʚ ʍʝʤʤʽʥʛʘ ʪʘ ʟʘʜʘʥʦʾ ʩʪʨʘʪʝʛʽʾ ʧʦʩʪʘʥʦʚʢʠ ʥʘʚʤʠʩʥʠʭ ʟʘʚʘʜ: 
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ï ʜʣʷ ʐɿɿ ʟʘ (4.93)-(4.97) ʚʽʜʧʦʚʽʜʥʦ ʟ ʦʙʨʘʥʠʤ ʚʠʜʦʤ ʤʦʜʫʣʷʮʽʾ; 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 ; ; ; ; ; 

. 

 

ʇʦʯʘʪʦʢ 

 

 
ʊʘʢ ʅ ̔4 

 

ɺʚʽʜ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ 

 

1 

 

 
ʈʦʟʨʘʭʫʥʦʢ  ʜʣʷ ʟʘʜʘʥʦʛʦ ʚʠʜʫ 

ʤʦʜʫʣʷʮʽʾ ʩʠʛʥʘʣʫ ʪʘ ʟʘʜʘʥʦʾ 

ʩʪʨʘʪʝʛʽʾ ʧʦʩʪʘʥʦʚʢʠ ʥʘʚʤʠʩʥʠʭ 

ʟʘʚʘʜ ʧʦ ʦʪʨʠʤʘʥʠʤ ʟʘʣʝʞʥʦʩʪʷʤ 

 

 

2 

 

 ʈʦʟʨʘʭʫʥʦʢ  ʜʣʷ ʙʣʦʢʦʚʠʭ 

ʢʦʜʽʚ ʍʝʤʤʽʥʛʘ ʧʦ ʦʪʨʠʤʘʥʠʤ 

ʘʥʘʣʽʪʠʯʥʠʤ ʟʘʣʝʞʥʦʩʪʷʤ ʜʣʷ 

ʟʘʜʘʥʠʭ ʟʘʚʘʜ 

3 

 

14 

 

 ʈʦʟʨʘʭʫʥʦʢ  ʜʣʷ ʢʦʜʽʚ ʈʽʜʘ-

ʉʦʣʦʤʦʥʘ ʧʦ ʦʪʨʠʤʘʥʠʤ 

ʘʥʘʣʽʪʠʯʥʠʤ ʟʘʣʝʞʥʦʩʪʷʤ ʜʣʷ 

ʟʘʜʘʥʠʭ ʟʘʚʘʜ 

5 

 

 
ʊʘʢ ʅ ̔6 

 14 

 

 ɺʠʟʥʘʯʝʥʥʷ  ʜʣʷ 2-ʭ 

ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʊʂ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ 

ʟʘʜʘʥʠʭ ʟʘʚʘʜ 

7 

 

 
ʊʘʢ ʅ ̔8 

 14 

 

9 
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ï ʜʣʷ ʐɿʏʉ ʟʘ (4.98)-(4.102) ʚʽʜʧʦʚʽʜʥʦ ʟ ʟʘʜʘʥʠʤ ʚʠʜʦʤ ʤʦʜʫʣʷʮʽʾ; 

ï ʜʣʷ ɿɺ ʟʘ (4.103)-(4.106) ʚʽʜʧʦʚʽʜʥʦ ʟ ʟʘʜʘʥʦʶ ʤʦʜʫʣʷʮʽʻʶ ʩʠʛʥʘʣʫ; 

ï ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʾ ʐɿʏʉ ʟʘ (4.107)-(4.111) ʚʽʜʧʦʚʽʜʥʦ ʟ ʦʙʨʘʥʦʶ 

ʤʦʜʫʣʷʮʽʻʶ; 

ï ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʾ ɿɺ ʟʘ (4.112)-(4.115) ʚʽʜʧʦʚʽʜʥʦ ʟ ʟʘʜʘʥʠʤ ʚʠʜʦʤ  

 ɺʠʟʥʘʯʝʥʥʷ  ʜʣʷ 3-ʭ 

ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʊʂ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ 

ʟʘʜʘʥʠʭ ʟʘʚʘʜ 

 

9 

 

 
ʊʘʢ ʅ ̔10 

 14 

 

 ɿʤʽʥʘ ʧʘʨʘʤʝʪʨʽʚ 3-ʭ ʢʦʤʧʦʥʝʥʪʥʦʛʦ 

ʊʂ ʚʽʜʧʦʚʽʜʥʦ ʟ  ʪʘ ʚʠʟʥʘʯʝʥʥʷ 

 ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʤʽʪʘʮʽʡʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ 

11 

 

 
ʊʘʢ ʅ ̔12 

 14 

 

8 

 

ɿʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ 

 ʟʘʢʽʥʯʝʥʦ ?  

ʊʘʢ ʅ ̔13 

 14 

 

 
ɺʠʟʥʘʯʝʥʥʷ ʦʙʨʘʥʦʾ ʩʠʛʥʘʣʴʥʦ-

ʢʦʜʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʜʣʷ ʟʘʜʘʥʦʾ 

ʩʪʨʘʪʝʛʽʾ ʧʦʩʪʘʥʦʚʢʠ ʥʘʚʤʠʩʥʠʭ 

ʟʘʚʘʜ 

14 

 

ʂʽʥʝʮʴ 

 

ʈʠʩ. 4.7. ɸʣʛʦʨʠʪʤ ʤʝʪʦʜʫ 
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ʤʦʜʫʣʷʮʽʾ. 

4. ʇʦʨʽʚʥʷʥʥʷ ʟʘʜ ʜʝʢʜʝʢ BB PP ¢ . ʗʢʱʦ ʧʦʨʽʚʥʷʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ, ʪʦ 

ʚʠʢʦʥʫʻʪʴʩʷ ʧʝʨʝʭʽʜ ʜʦ ʧ. 14, ʷʢʱʦ ʥʽ ï ʜʦ ʧ. 5. 

5. ʈʦʟʨʘʭʫʥʦʢ ʩʝʨʝʜʥʴʦʾ ʡʤʦʚʽʨʥʦʩʪʽ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʜʝʢʦʜʫʚʘʥʥʷ ʜʝʢBP  

ʜʣʷ ʢʦʜʽʚ ʈ̔ʜʘ-ʉʦʣʦʤʦʥʘ ʪʘ ʟʘʜʘʥʦʾ ʩʪʨʘʪʝʛʽʾ ʧʦʩʪʘʥʦʚʢʠ ʥʘʚʤʠʩʥʠʭ ʟʘʚʘʜ: 

ï ʜʣʷ ʐɿɿ ʟʘ (4.116)-(4.120) ʚʽʜʧʦʚʽʜʥʦ ʟ ʦʙʨʘʥʠʤ ʚʠʜʦʤ ʤʦʜʫʣʷʮʽʾ; 

ï ʜʣʷ ʐɿʏʉ ʟʘ (4.121)-(4.125) ʚʽʜʧʦʚʽʜʥʦ ʟ ʟʘʜʘʥʠʤ ʚʠʜʦʤ ʤʦʜʫʣʷʮʽʾ; 

ï ʜʣʷ ɿɺ ʟʘ (4.126)-(4.129) ʚʽʜʧʦʚʽʜʥʦ ʟ ʟʘʜʘʥʦʶ ʤʦʜʫʣʷʮʽʻʶ ʩʠʛʥʘʣʫ; 

ï ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʾ ʐɿʏʉ ʟʘ (4.130)-(4.134) ʚʽʜʧʦʚʽʜʥʦ ʟ ʦʙʨʘʥʦʶ 

ʤʦʜʫʣʷʮʽʻʶ; 

ï ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʾ ɿɺ ʟʘ (4.135)-(4.138) ʚʽʜʧʦʚʽʜʥʦ ʟ ʟʘʜʘʥʠʤ ʚʠʜʦʤ 

ʤʦʜʫʣʷʮʽʾ. 

6. ʇʦʨʽʚʥʷʥʥʷ ʟʘʜ ʜʝʢʜʝʢ BB PP ¢ . ʗʢʱʦ ʧʦʨʽʚʥʷʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ, ʪʦ 

ʚʠʢʦʥʫʻʪʴʩʷ ʧʝʨʝʭʽʜ ʜʦ ʧ. 14, ʷʢʱʦ ʥʽ ï ʜʦ ʧ. 7. 

7. ɿʘ ʜʦʧʦʤʦʛʦʶ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʾ 

ʡʤʦʚʽʨʥʦʩʪʽ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʜʝʢʦʜʫʚʘʥʥʷ ʜʝʢBP  ʜʣʷ ʜʚʦʭʢʦʤʧʦʥʝʥʪʥʠʭ ʊʂ ʪʘ 

ʟʘʜʘʥʦʾ ʩʪʨʘʪʝʛʽʾ ʧʦʩʪʘʥʦʚʢʠ ʥʘʚʤʠʩʥʠʭ ʟʘʚʘʜ. 

8. ʇʦʨʽʚʥʷʥʥʷ ʟʘʜ ʜʝʢʜʝʢ BB PP ¢ . ʗʢʱʦ ʧʦʨʽʚʥʷʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ, ʪʦ 

ʚʠʢʦʥʫʻʪʴʩʷ ʧʝʨʝʭʽʜ ʜʦ ʧ. 14, ʷʢʱʦ ʥʽ ï ʜʦ ʧ. 9. 

9. ɿʘ ʜʦʧʦʤʦʛʦʶ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʾ 

ʡʤʦʚʽʨʥʦʩʪʽ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʜʝʢʦʜʫʚʘʥʥʷ ʜʝʢBP  ʜʣʷ ʪʨʴʦʭʢʦʤʧʦʥʝʥʪʥʠʭ ʊʂ ʪʘ 

ʟʘʜʘʥʦʾ ʩʪʨʘʪʝʛʽʾ ʧʦʩʪʘʥʦʚʢʠ ʥʘʚʤʠʩʥʠʭ ʟʘʚʘʜ. 

10. ʇʦʨʽʚʥʷʥʥʷ ʟʘʜ ʜʝʢʜʝʢ BB PP ¢ . ʗʢʱʦ ʧʦʨʽʚʥʷʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ, ʪʦ 

ʚʠʢʦʥʫʻʪʴʩʷ ʧʝʨʝʭʽʜ ʜʦ ʧ. 14, ʷʢʱʦ ʥʽ ï ʜʦ ʧ. 11. 

11. ɿʤʽʥʘ ʧʘʨʘʤʝʪʨʽʚ ʪʨʴʦʭʢʦʤʧʦʥʝʥʪʥʦʛʦ ʊʂ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʤʘʩʠʚʫ ʜʘʥʠʭ 

ʟʤʽʥʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʊʂ vT  ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʤʽʪʘʮʽʡʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʩʝʨʝʜʥʴʦʾ ʡʤʦʚʽʨʥʦʩʪʽ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʜʝʢʦʜʫʚʘʥʥʷ ʜʝʢBP . 

12. ʇʦʨʽʚʥʷʥʥʷ ʟʘʜ ʜʝʢʜʝʢ BB PP ¢ . ʗʢʱʦ ʧʦʨʽʚʥʷʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ, ʪʦ 

ʚʠʢʦʥʫʻʪʴʩʷ ʧʝʨʝʭʽʜ ʜʦ ʧ. 14, ʷʢʱʦ ʥʽ ï ʜʦ ʧ. 13. 
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13. ʂʽʣʴʢʽʩʪʴ ʟʤʽʥ ʧʘʨʘʤʝʪʨʽʚ ʟʘʢʽʥʯʝʥʦ? ʗʢʱʦ ʪʘʢ, ʪʦ ʚʠʢʦʥʫʻʪʴʩʷ 

ʧʝʨʝʭʽʜ ʜʦ ʧ. 14, ʷʢʱʦ ʥʽ ï ʜʦ ʧ. 11. 

14. ɺʠʟʥʘʯʝʥʥʷ ʦʙʨʘʥʦʾ ʢʦʜʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʜʣʷ ʟʘʜʘʥʦʾ ʩʪʨʘʪʝʛʽʾ 

ʧʦʩʪʘʥʦʚʢʠ ʥʘʚʤʠʩʥʠʭ ʟʘʚʘʜ. 

ɺʽʜʤʽʥʥʽʩʪʴ ʨʦʟʨʦʙʣʝʥʦʛʦ ʤʝʪʦʜʫ ʚʽʜ ʽʩʥʫʶʯʠʭ, ʱʦ ʚʠʟʥʘʯʘʻ ʡʦʛʦ 

ʥʦʚʠʟʥʫ, ʧʦʣʷʛʘʻ ʚ ʟʙʽʣʴʰʝʥʥʽ ʤʽʨʥʦʩʪ̔ ʧʨʦʩʪʦʨʫ ʢʦʜʽʚ ʪʘ ʟʘʚʘʜ, ʘ ʪʘʢʦʞ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʥʦʚʠʭ ʘʥʘʣʽʪʠʯʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥ ɹ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʩʝʨʝʜʥʴʦʾ 

ʡʤʦʚʽʨʥʦʩʪʽ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʘʨʘʤʝʪʨʽʚ ʟʘʚʘʜ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥ ̔

ʪʨʴʦʭʢʦʤʧʦʥʝʥʪʥʦʛʦ ʪʫʨʙʦ ʢʦʜʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʟʘʜʘʥʽ ʧʦʢʘʟʥʠʢʠ 

ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʚ ɹɿʇɼ. 

 

4.3. ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ 

 

ʅʘ ʥʘʩʪʫʧʥʦʤʫ ʝʪʘʧʽ ʟʘ ʦʪʨʠʤʘʥʠʤʠ ʘʥʘʣʽʪʠʯʥʠʤʠ ʟʘʣʝʞʥʦʩʪʷʤʠ ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʫ ʩʝʨʝʜʥʴʦʾ ʡʤʦʚʽʨʥʦʩʪʽ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʜʝʢʦʜʫʚʘʥʥʷ ʜʣʷ ʢʦʜʽʚ 

ʍʝʤʤʽʥʛʘ ʪʘ ʈʜ̔ʘ-ʉʦʣʦʤʦʥʘ, ʘ ʪʘʢʦʞ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʽʤʦʚʽʨʥʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘʚʘʜʦʟʘʭʠʱʝʥʦʩʪʽ ʜʚʦʭʢʦʤʧʦʥʝʥʪʥʠʭ ʪʘ 

ʪʨʴʦʭʢʦʤʧʦʥʝʥʪʥʠʭ ʊʂ ʦʪʨʠʤʘʻʤʦ ʛʨʘʬʽʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʩʝʨʝʜʥʴʦʾ ʡʤʦʚʽʨʥʦʩʪʽ 

ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʜʝʢʦʜʫʚʘʥʥʷ ʚʽʜ ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ-ʟʘʚʘʜʘ ʚ ʢʘʥʘʣʽ ʜʣʷ ʐɿʏʉ 

(ʨʠʩ. 4.8-4.11). ʋ ʚʠʧʘʜʢʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʜʽʚ ʍʝʤʤʽʥʛʘ ʪʘ ʈʽʜʘ-ʉʦʣʦʤʦʥʘ 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʜʝʤʦʜʫʣʷʪʦʨ ʟ ñʞʦʨʩʪʢʠʤò ʚʠʭʦʜʦʤ, ʘ ʫ ʚʠʧʘʜʢʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ʊʂ 

ï ʟ çʤô̫ ʢʠʤè ʚʠʭʦʜʦʤ. 

ʅʘ ʨʠʩ. 4.8 ʧʦʢʘʟʘʥʘ ʟʘʣʝʞʥʽʩʪʴ ʡʤʦʚʽʨʥʦʩʪʽ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʧʨʠ 

ʤʦʜʫʣʷʮʽʾ ʌʄ-2, ɸɹɻʐ ʪʘ ʐɿʏʉ (1=g ) ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʙʣʦʢʦʚʠʭ ʢʦʜʽʚ 

ʍʝʤʤʽʥʛʘ (15,11), ʢʦʜʽʚ ʈʜ̔ʘ-ʉʦʣʦʤʦʥʘ (31,21,5), 2-ʭ ʪʘ 3-ʭ ʢʦʤʧʦʥʝʥʪʥʠʭ ʊʂ ʟ 

ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʤ ʧʝʨʝʤʝʞʫʚʘʯʝʤ, , ʘʣʛʦʨʠʪʤʦʤ ʜʝʢʦʜʫʚʘʥʥʷ Max Log 

Map, 8 ʽʪʝʨʘʮʽʡ ʜʝʢʦʜʫʚʘʥʥʷ, ʰʚʠʜʢʽʩʪʶ ʢʦʜʫʚʘʥʥʷ ʊʂ R = 1/3. ɸʥʘʣʽʟ 

ʟʘʣʝʞʥʦʩʪʝʡ ʩʚʽʜʯʠʪʴ, ʱʦ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ  ʜɹ ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ-

ʟʘʚʘʜʘ ʩʢʣʘʜʘʻ: ʙʝʟ ʢʦʜʫʚʘʥʥʷ 9,2 ʜɹ, ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʦʜʽʚ ʍʝʤʤʽʥʛʘ ï 7,5 ʜɹ, 

ʈ̔ʜʘ-ʉʦʣʦʤʦʥʘ ï 4,3 ʜɹ, ʜʚʦʭʢʦʤʧʦʥʝʥʪʥʦʛʦ ʊʂ ï 2,2 ʜɹ, ʪʨʴʦʭʢʦʤʧʦʥʝʥʪʥʦʛʦ 

ʊʂ ï 1,6 ʜɹ.  

1000=N

4

ʟʘʜ ʜʝʢ 10-=BP
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, ʜɹ 

ʌʄ-2 ʙʝʟ ʢʦʜʫʚʘʥʥʷ 

ʈʠʩ. 4.8. ɿʘʣʝʞʥʽʩʪʴ ʡʤʦʚʽʨʥʦʩʪʽ ʙ̔ʪʦʚʦ ʾʧʦʤʠʣʢʠ ʧʨʠ ʤʦʜʫʣʷʮʽʾ ʌʄ-2, ɸɹɻʐ ʪʘ ʐɿʏʉ (

) ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʦʜʽʚ ʍʝʤʤʽʥʛʘ (15,11), ʢʦʜʽʚ ʈʠʜʘ-ʉʦʣʦʤʦʥʘ (31,21,5), 2-ʭ ʪʘ 3-ʭ 

ʢʦʤʧʦʥʝʥʪʥʠʭ ʊʂ ʟ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʤ ʧʝʨʝʤʝʞʫʚʘʯʝʤ, , ʘʣʛʦʨʠʪʤʦʤ 

ʜʝʢʦʜʫʚʘʥʥʷ Max Log Map, 8 ̔ʪʝʨʘʮʡ̔ ʜʝʢʦʜʫʚʘʥʥ̫ , ʰʚʠʜʢʽʩʪʶ ʢʦʜʫʚʘʥʥʷ ʊʂ R = 1/3 

ʌʄ-2+ʈʠʜʘ-ʉʦʣʦʤʦʥʘ 

ʌʄ-2+ʙʣʦʢʦʚʽ 

ʌʄ-2+2-ʭ 

ʢʦʤʧʦʥʝʥʪʥʠʡ ʊʂ 

ʌʄ-2+3-ʭ 

ʢʦʤʧʦʥʝʥʪʥʠʡ ʊʂ 

 

 

 

ʌʄ-4 ʙʝʟ ʢʦʜʫʚʘʥʥʷ 

ʈʠʩ. 4.9. ɿʘʣʝʞʥʽʩʪʴ ʡʤʦʚʽʨʥʦʩʪʽ ʙ̔ʪʦʚʦ ʾʧʦʤʠʣʢʠ ʧʨʠ ʤʦʜʫʣʷʮʽʾ ʌʄ-4, ɸɹɻʐ ʪʘ ʐɿʏʉ (

) ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʦʜʽʚ ʍʝʤʤʽʥʛʘ (15,11), ʢʦʜʽʚ ʈʠʜʘ-ʉʦʣʦʤʦʥʘ (31,21,5), 2-ʭ  

ʢʦʤʧʦʥʝʥʪʥʠʭ ʊʂ ʟ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʤ ʧʝʨʝʤʝʞʫʚʘʯʝʤ, , ʘʣʛʦʨʠʪʤʦʤ 

ʜʝʢʦʜʫʚʘʥʥʷ Max Log Map, 8 ̔ʪʝʨʘʮʡ̔ ʜʝʢʦʜʫʚʘʥʥ̫ , ʰʚʠʜʢʽʩʪʶ ʢʦʜʫʚʘʥʥʷ ʊʂ R = 1/3 

ʌʄ-4+ʈʠʜʘ-ʉʦʣʦʤʦʥʘ 

ʌʄ-4+ʙʣʦʢʦʚʽ 

ʌʄ-4+2-ʭ 

ʢʦʤʧʦʥʝʥʪʥʠʡ ʊʂ 

, ʜɹ 
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ʌʄ-8 

ʙʝʟ ʢʦʜʫʚʘʥʥʷ 

ʌʄ-8+ʈʠʜʘ-ʉʦʣʦʤʦʥʘ 

 

ʌʄ-8+2-ʭ 

ʢʦʤʧʦʥʝʥʪʥʠʡ ʊʂ 

ʈʠʩ. 4.10. ɿʘʣʝʞʥʽʩʪʴ ʡʤʦʚʽʨʥʦʩʪʽ ʙ̔ʪʦʚʦ ʾʧʦʤʠʣʢʠ ʧʨʠ ʤʦʜʫʣʷʮʽʾ ʌʄ-8, ɸɹɻʐ ʪʘ ʐɿʏʉ 

( ) ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʦʜʽʚ ʍʝʤʤʽʥʛʘ (15,11), ʢʦʜʽʚ ʈʠʜʘ-ʉʦʣʦʤʦʥʘ (31,21,5), 2-ʭ  

ʢʦʤʧʦʥʝʥʪʥʠʭ ʊʂ ʟ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʤ ʧʝʨʝʤʝʞʫʚʘʯʝʤ, , ʘʣʛʦʨʠʪʤʦʤ 

ʜʝʢʦʜʫʚʘʥʥʷ Max Log Map, 8 ̔ʪʝʨʘʮʡ̔ ʜʝʢʦʜʫʚʘʥʥ̫ , ʰʚʠʜʢʽʩʪʶ ʢʦʜʫʚʘʥʥʷ ʊʂ R = 1/3 

, ʜɹ 

 

 

ʂɸʄ-16 

ʙʝʟ ʢʦʜʫʚʘʥʥʷ 

ʂɸʄ-16+ 

ʈʠʜʘ-ʉʦʣʦʤʦʥʘ 

 

ʂɸʄ-16+2-ʭ 

ʢʦʤʧʦʥʝʥʪʥʠʡ ʊʂ 

ʈʠʩ. 4.11. ɿʘʣʝʞʥʽʩʪʴ ʡʤʦʚʽʨʥʦʩʪʽ ʙ̔ʪʦʚʦ ʾʧʦʤʠʣʢʠ ʧʨʠ ʤʦʜʫʣʷʮʽʾ ʂɸʄ-16, ɸɹɻʐ ʪʘ 

ʐɿʏʉ () ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʦʜʽʚ ʍʝʤʤʽʥʛʘ (15,11), ʢʦʜʽʚ ʈʠʜʘ-ʉʦʣʦʤʦʥʘ (31,21,5), 

2-ʭ  ʢʦʤʧʦʥʝʥʪʥʠʭ ʊʂ ʟ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʤ ʧʝʨʝʤʝʞʫʚʘʯʝʤ, , ʘʣʛʦʨʠʪʤʦʤ 

ʜʝʢʦʜʫʚʘʥʥʷ Max Log Map, 8 ̔ʪʝʨʘʮʡ̔ ʜʝʢʦʜʫʚʘʥʥ̫ , ʰʚʠʜʢʽʩʪʶ ʢʦʜʫʚʘʥʥʷ ʊʂ R = 1/3 

ʂɸʄ-16+ 

ʙʣʦʢʦʚʽ 

, ʜɹ 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʦʪʨʠʤʘʥʽ ʝʥʝʨʛʝʪʠʯʥʽ ʚʠʛʨʘʰʽ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʥʝʢʦʜʦʚʘʥʦʶ 

ʽʥʬʦʨʤʘʮʽʡʥʦʶ ʧʦʩʣʽʜʦʚʥʽʩʪʶ. ʊʘʢ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʣʦʢʦʚʦʛʦ ʢʦʜʫ, ʧʽʜʚʠʱʫʻ 

ʝʥʝʨʛʝʪʠʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚ 1,46 ʨʘʟʽʚ (1,7 ʜɹ), ʚʠʢʦʨʠʩʪʘʥʥ ̫ ʢʦʜʫ ʈʜ̔ʘ-

ʉʦʣʦʤʦʥʘ ï ʚ 3,09 ʨʘʟʽʚ (4,9 ʜɹ), ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʚʦʭʢʦʤʧʦʥʝʥʪʥʦʛʦ ʪʘ 

ʪʨʴʦʭʢʦʤʧʦʥʝʥʪʥʦʛʦ ʊʂ ï ʚ 5,01 ʪʘ 5,75 ʨʘʟʽʚ (7,0 ʜɹ ʪʘ 7,6 ʜɹ) ʚʽʜʧʦʚʽʜʥʦ, ʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʨʴʦʭʢʦʤʧʦʥʝʥʪʥʦʛʦ ʊʂ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʜʚʦʭʢʦʤʧʦʥʝʥʪʥʠʤ ʊʂ ï ʚ 

1,2 ʨʘʟʽʚ (0,8 ʜɹ), ʧʨʠ ʟʘʙʝʟʧʝʯʝʥʥʽ ʟʘʜʘʥʦʛʦ ʟʥʘʯʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ 

ʚ ɹɿʇɼ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʦʪʨʠʤʘʥʦ ʢʦʜʦʚʽ 

ʢʦʥʩʪʨʫʢʮʽʾ ʧʨʠ ʚʧʣʠʚʽ ʐɿʏʉ () ʜʣʷ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ-

ʟʘʚʘʜʘ ʚ ʢʘʥʘʣʽ (ʪʘʙʣ. 4.1), ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʨʠ ʟʘʙʝʟʧʝʯʝʥʥʽ ʟʘʜʘʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʚ ɹɿʇɼ ʟʜʽʡʩʥʶʚʘʪʠ ʚʠʙʽʨ ʩʪʨʫʢʪʫʨʠ ʪʘ 

ʧʘʨʘʤʝʪʨʽʚ ʢʦʜʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʤʽʥʠ ʟʘʚʘʜʦʚʦʾ ʦʙʩʪʘʥʦʚʢʠ, ʧʽʜʚʠʱʫʶʯʠ ʧʨʠ 

ʮʴʦʤʫ ʝʥʝʨʛʝʪʠʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ɹɿʇɼ. 

 

ʊʘʙʣʠʮʷ 4.1 ï ɿʥʘʯʝʥʥʷ ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ-ʟʘʚʘʜʘ  (ʜɹ) ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

 
ʧʨʠ ʚʧʣʠʚʽ ʐɿʏʉ ʽ ʬʣʫʢʪʫʘʮʽʡʥʦʛʦ ʰʫʤʫ ʥʘ ɹɿʇɼ, ʢʦʨʝʛʫʚʘʣʴʥʠʤʠ ʢʦʜʘʤʠ ʽ 

ʤʦʜʫʣʷʮʽʷʤʠ ʌʄ-2, 4, 8, ʂɸʄ-16 

 
ʄʦʜʫʣʷʮʽʷ 

ʌʄ-2 ʌʄ-4 ʌʄ-8 ʂɸʄ-16 

ɹʝʟ ʢʦʜʫʚʘʥʥʷ 9,2 12,2 18,5 27,7 

ʂʦʜ ʍʝʤʤʽʥʛʘ 7,5 11,25 16,5 24,3 

ʂʦʜ ʈʜ̔ʘ-

ʉʦʣʦʤʦʥʘ 
4,3 7,7 12,0 19,0 

2-ʭ 

ʢʦʤʧʦʥʝʥʪʥʠʡ 

ʪʫʨʙʦ ʢʦʜ 

2,2 4,9 9,7 16,8 

3-ʭ 

ʢʦʤʧʦʥʝʥʪʥʠʡ 

ʪʫʨʙʦ ʢʦʜ 

1,6    

 

ɸʥʘʣʦʛʽʯʥʠʤ ʦʙʨʘʟʦʤ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʢʦʜʦʚʽ ʢʦʥʩʪʨʫʢʮʽʾ ʧʨʠ ʚʧʣʠʚʽ 

ʽʥʰʠʭ ʟʘʚʘʜ ʟ ʨʽʟʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʧʘʨʘʤʝʪʨʘ  ʜʣʷ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʚʽʜʥʦʰʝʥʥʷ 

ʩʠʛʥʘʣ-ʟʘʚʘʜʘ ʚ ʢʘʥʘʣʽ. 

 

1=g

2

jh

4

ʜʝʢ10-=BP

g
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4.4. ɸʥʘʣʽʟ ʦʩʥʦʚʥʠʭ ʝʪʘʧʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʘʜʘʧʪʠʚʥʠʭ ʙʝʟʧʨʦʚʦʜʦʚʠʭ 

ʟʘʩʦʙʽʚ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ 

 

ɼʦ ʦʩʥʦʚʥʠʭ ʝʪʘʧʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʘʜʘʧʪʠʚʥʠʭ ɹɿʇɼ ʚʽʜʥʦʩʷʪʴʩʷ: 

ʧʦʙʫʜʦʚʘ ʢʦʥʮʝʧʪʫʘʣʴʥʦʾ ʤʦʜʝʣʽ ʪʘ ʾʾ ʬʦʨʤʘʣʽʟʘʮʽʷ, ʘʣʛʦʨʠʪʤʽʟʘʮʽʷ ʤʦʜʝʣʽ ʪʘ ʾʾ 

ʤʘʰʠʥʥʘ ʨʝʘʣʽʟʘʮʽʷ, ʦʪʨʠʤʘʥʥʷ ʪʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ 

[130].  

ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʤʘʰʠʥʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʬʦʨʤʫʣʶʻʪʴʩʷ ʤʦʜʝʣʴ ʪʘ 

ʙʫʜʫʻʪʴʩʷ ʾʾ ʬʦʨʤʘʣʴʥʘ ʩʭʝʤʘ, ʧʨʠ ʮʴʦʤʫ ʧʦʚʠʥʥʽ ʚʠʢʦʥʫʚʘʪʠʩʷ ʥʘʩʪʫʧʥʽ 

ʧʽʜʝʪʘʧʠ:  

ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʤʘʰʠʥʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ; 

ʘʥʘʣʽʟ ʟʘʜʘʯʽ ʤʦʜʝʣʶʚʘʥʥʷ; 

ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʟʤʽʥʥʠʭ ʤʦʜʝʣʽ; 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʟʤʽʩʪʫ ʤʦʜʝʣʽ; 

ʚʠʟʥʘʯʝʥʥʷ ʧʨʦʮʝʜʫʨ ʘʧʨʦʢʩʠʤʘʮʽʾ; 

ʦʧʠʩ ʢʦʥʮʝʧʪʫʘʣʴʥʦʾ ʤʦʜʝʣʽ. 

ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʤʦʜʝʣʶʚʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ, ʷʢʘ ʩʬʦʨʤʫʣʴʦʚʘʥʘ 

ʥʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ, ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʢʦʥʢʨʝʪʥʫ ʤʘʰʠʥʥʫ ʤʦʜʝʣʴ. ɼʦ ʦʩʥʦʚʥʠʭ 

ʧʽʜʝʪʘʧʽʚ ʜʨʫʛʦʛʦ ʝʪʘʧʫ ʤʦʜʝʣʶʚʘʥʥʷ ʚʽʜʥʦʩʷʪʴʩʷ: 

ʧʦʙʫʜʦʚʘ ʣʦʛʽʯʥʦʾ ʩʭʝʤʠ ʤʦʜʝʣʽ; 

ʦʪʨʠʤʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ; 

ʚʠʙʽʨ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʟʘʩʦʙʽʚ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ; 

ʩʢʣʘʜʘʥʥʷ ʧʣʘʥʫ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ ʧʦ ʧʨʦʛʨʘʤʫʚʘʥʥʶ; 

ʧʨʦʚʝʜʝʥʥʷ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʤʦʜʝʣʽ. 

ʅʘ ʪʨʝʪʴʦʤʫ ʝʪʘʧʽ ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ɽʆʄ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ 

ʨʦʙʦʯʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʧʦ ʩʢʣʘʜʝʥʽʡ ʧʨʦʛʨʘʤʽ. ɼʦ ʦʩʥʦʚʥʠʭ ʧʽʜʝʪʘʧʽʚ ʮʴʦʛʦ ʝʪʘʧʫ 

ʤʦʜʝʣʶʚʘʥʥʷ ʚʽʜʥʦʩʷʪʴʩʷ: 

ʧʣʘʥʫʚʘʥʥʷ ʤʘʰʠʥʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟ ʤʦʜʝʣʣʶ; 

ʚʠʟʥʘʯʝʥʥʷ ʚʠʤʦʛ ʜʦ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ; 

ʧʨʦʚʝʜʝʥʥʷ ʨʦʙʦʯʠʭ ʨʦʟʨʘʭʫʥʢʽʚ; 
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ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥ;̫ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ; 

ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ; 

ʧʽʜʚʝʜʝʥʥʷ ʧʽʜʩʫʤʢʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʚʠʜʘʯʘ ʨʝʢʦʤʝʥʜʘʮʽʡ. 

ʈʦʟʛʣʷʥʝʤʦ ʮʽ ʝʪʘʧʠ ʤʦʜʝʣʶʚʘʥʥʷ. 

ɼʣʷ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʥʝʦʙʭʽʜʥʦ ʦʮʽʥʠʪʠ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʙʝʟ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ. ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ 

ʩʪʘʪʠʩʪʠʯʥʝ ʽʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʬʽʟʠʯʥʦʛʦ ʨʽʚʥʷ ɹɿʇɼ ʟ 

ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʤʠ ʊʂ ʚ ʫʤʦʚʘʭ ʚʧʣʠʚʫ ʟʘʚʘʜ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʜʘʯʝʶ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʻ 

ʦʜʝʨʞʘʥʥʷ ʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʾ ʡʤʦʚʽʨʥʦʩʪʽ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʜʝʢʦʜʫʚʘʥʥʷ ʊʂ, ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʽ ʙʝʟ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ʆʜʥʠʤ ʽʟ ʧʦʢʘʟʥʠʢʽʚ ʝʬʝʢʪʠʚʥʦʩʪʽ ɹɿʇɼ ʻ ʟʜʘʪʥʽʩʪʴ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʟʘʜʘʥʫ 

ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʧʨʠʡʦʤʫ ʽʥʬʦʨʤʘʮʽʾ ʚ ʫʤʦʚʘʭ ʚʧʣʠʚʫ ʟʘʚʘʜ ʨʽʟʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ, ʫ 

ʪʦʤʫ ʯʠʩʣʽ ʽ ʥʘʚʤʠʩʥʠʭ (ʟʘʚʘʜʦʟʘʭʠʱʝʥʽʩʪʴ). ɸʥʘʣʽʟ ʟʘʚʘʜʦʟʘʭʠʱʝʥʦʩʪʽ ɹɿʇɼ ʟ 

ʊʂ ʚ ʫʤʦʚʘʭ ʚʧʣʠʚʫ ʥʘʚʤʠʩʥʠʭ ʟʘʚʘʜ ʘʥʘʣʽʪʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ ʟʜʽʡʩʥʠʪʠ 

ʥʝʤʦʞʣʠʚʦ. ɺʠʨʽʰʠʪʠ ʪʘʢʫ ʟʘʜʘʯʫ ʤʦʞʥʘ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʩʪʘʪʠʩʪʠʯʥʦʛʦ 

ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘ ɽʆʄ. 

ɺ ʷʢʦʩʪʽ ʦʮʽʥʢʠ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʚ ʨʦʙʦʪʽ ʧʨʠʡʥʷʪʘ ʩʝʨʝʜʥʷ 

ʡʤʦʚʽʨʥʽʩʪʴ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ , ʜʝ  ï 

ʝʥʝʨʛʽʷ ʩʠʛʥʘʣʫ, ʱʦ ʧʨʠʧʘʜʘʻ ʥʘ ʦʜʠʥ ʙʽʪ,  ï ʩʧʝʢʪʨʘʣʴʥʘ ʱʽʣʴʥʽʩʪʴ 

ʧʦʪʫʞʥʦʩʪʽ ʘʜʠʪʠʚʥʦʛʦ ʙʽʣʦʛʦ ʛʘʫʩʽʚʩʴʢʦʛʦ ʰʫʤʫ. 

ɿ ʤʝʪʦʶ ʝʬʝʢʪʠʚʥʦʛʦ ʘʥʘʣʽʟʫ ʧʨʦʮʝʩʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ɹɿʇɼ ʟ ʢʦʜʦʚʠʤʠ 

ʢʦʥʩʪʨʫʢʮʽʷʤʠ ʥʝʦʙʭʽʜʥʦ ʚʠʷʚʠʪʠ ʟʘʣʝʞʥʽʩʪʴ ʬʘʢʪʦʨʽʚ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʭʽʜ 

ʧʨʦʮʝʩʫ, ʪʘ ʧʨʝʜʩʪʘʚʠʪʠ ʾʭ ʚ ʢʽʣʴʢʽʩʥʽʡ ʬʦʨʤʽ ï ʫ ʚʠʛʣʷʜʽ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ. 

ʅʘ ʮʴʦʤʫ ʝʪʘʧʽ ʧʨʠ ʧʦʙʫʜʦʚʽ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʩʠʩʪʝʤʠ ʦʙʤʝʞʠʤʦʩʴ 

ʩʭʝʤʘʪʠʯʥʠʤ ʧʨʝʜʩʪʘʚʣʝʥʥʷʤ ʜʦʩʣʽʜʞʫʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʫ ʚʠʛʣʷʜʽ ʜʝʷʢʦʛʦ 

ʦʙô̒ ʢʪʘ ʜʦʩʣʽʜʞʝʥʥʷ (ʆɼ), ʥʘ ʚʭʽʜ ʷʢʦʛʦ ʧʦʩʪʫʧʘʶʪʴ ʚʧʣʠʚʘʶʯʠ ʬʘʢʪʦʨʠ, ʘ ʥʘ 

0/GEP bB = bE

0G



159 

 

 

ʚʠʭʦʜʽ ʦʪʨʠʤʫʶʪʴ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʩʪʘʥ ʦʙô̒ ʢʪʫ (ʨʠʩ. 

4.12). 

ʅʘ ʆɼ ʚʧʣʠʚʘʶʪʴ ʛʨʫʧʠ ʬʘʢʪʦʨʽʚ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʡʦʛʦ ʩʪʘʥ, ʽ ʷʢʽ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʚʠʛʣʷʜʽ ʤʘʩʠʚʽʚ ʜʘʥʠʭ , , , , . ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʠʭʽʜʥʠʡ 

ʩʪʘʥ ʆɼ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʫ ʚʠʛʣʷʜʽ ʤʘʩʠʚʫ ʜʘʥʠʭ . 

ʄʘʩʠʚ ʜʘʥʠʭ  ï ʬʘʢʪʦʨ ʚʭʽʜʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʆɼ, ʜʝ  ï 

ʨʦʟʤʽʨ ʚʝʢʪʦʨʫ, ʱʦ ʚʠʟʥʘʯʘʻ ʜʦʚʞʠʥʫ ʢʘʜʨʫ ʧʝʨʝʜʘʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ.  

  

 

 

 

 

 

 

 

 

ʄʘʩʠʚ ʜʘʥʠʭ  ï ʬʘʢʪʦʨ ʟʦʚʥʽʰʥʴʦʛʦ ʚʧʣʠʚʫ.  

ʄʘʩʠʚ ʜʘʥʠʭ  ï ʬʘʢʪʦʨ ʦʙʤʝʞʝʥʴ. 

ʄʘʩʠʚ ʜʘʥʠʭ  ï ʟʤʽʥʥ ̔ʧʘʨʘʤʝʪʨʠ ʊʂ. 

ʄʘʩʠʚ ʜʘʥʠʭ  ï ʦʙʨʘʥʘ ʩʠʛʥʘʣʴʥʘ ʩʪʨʫʢʪʫʨʘ. 

ʄʘʩʠʚ ʜʘʥʠʭ  ï ʜʘʥʥʽ ʚʠʭʽʜʥʦʛʦ ʩʪʘʥʫ ʆɼ, ʜʝ  ï ʨʦʟʤʽʨ 

ʤʘʩʠʚʫ ʜʘʥʠʭ, ʱʦ ʚʠʟʥʘʯʘʻ ʜʦʚʞʠʥʫ ʢʘʜʨʫ ʧʨʠʡʥʷʪʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ.  

ɿʘʜʘʯʝʶ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʻ ʦʜʝʨʞʘʥʥʷ ʟʥʘʯʝʥʥʷ 

ʩʝʨʝʜʥʴʦʾ ʡʤʦʚʽʨʥʦʩʪʽ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʜʝʢʦʜʫʚʘʥʥʷ ʊʂ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʘ ʙʝʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ. 

ɼʣʷ ʘʧʨʦʢʩʠʤʘʮʽʾ ʨʝʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʜʦʩʣʽʜʞʫʚʘʣʴʥʽʡ 

ʩʠʩʪʝʤʽ, ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʨʠ ʚʠʜʠ ʧʨʦʮʝʜʫʨ:  

ʜʝʪʝʨʤʽʥʦʚʘʥʘ; 

ʽʤʦʚʽʨʥʽʩʥʘ; 

U Z T F vT

*
U

( )Nuuu ,,, 21 ?=U N

( )4321 ,,, zzzz=Z

( )54321 ,,,, ttttt=T

( )vhvvv ttt ,,, 21 >=T

( )21 , ff=F

( )****= Nuuu ,,, 21 >U N
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ʈʠʩ. 4.12. ʉʭʝʤʘʪʠʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʦʙô̒ ʢʪʘ ʜʦʩʣʽʜʞʝʥʥʷ 
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ʚʠʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ. 

ʇʨʠ ʩʪʘʪʠʩʪʠʯʥʦʤʫ ʽʤʽʪʘʮʽʡʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʟʥʘʯʝʥʥʷ 

ʩʝʨʝʜʥʴʦʾ ʡʤʦʚʽʨʥʦʩʪʽ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʜʝʢʦʜʫʚʘʥʥʷ ʊʂ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʘ ʙʝʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʦʮʝʜʫʨʫ 

ʚʠʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ, ʪʦʤʫ ʱʦ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʘʪʠ 

ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʚʠʭʽʜʥʠʭ ʟʤʽʥʥʠʭ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʚʠʧʘʜʢʦʚʠʭ ʬʘʢʪʦʨʽʚ. 

ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʩʪʘʪʠʩʪʠʯʥʦʾ ʽʤʽʪʘʮʽʡʥʦʾ ʤʦʜʝʣʽ, ʱʦ ʜʦʟʚʦʣʠʪʴ 

ʧʨʦʚʝʩʪʠ ʪʘʢʽ ʜʦʩʣʽʜʞʝʥʥʷ (ʦʮʽʥʠʪʠ ʟʘʚʘʜʦʟʘʭʠʱʝʥʽʩʪʴ ʩʠʩʪʝʤ ʟ ʊʂ ʚ ʫʤʦʚʘʭ 

ʚʧʣʠʚʫ ʟʘʚʘʜ) ʙʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ, 

ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 4.13.  

ɼʣʷ ʩʧʨʦʱʝʥʥʷ ʨʦʟʫʤʽʥʥʷ ʧʨʦʮʝʩʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʩʭʝʤʘ ʟʦʙʨʘʞʝʥʘ ʫ 

ʚʠʛʣʷʜʽ ʚʽʜʦʢʨʝʤʣʝʥʠʭ ʤʦʜʫʣʽʚ. ʇʽʜ ʤʦʜʫʣʝʤ ʨʦʟʫʤʽʻʪʴʩʷ ʥʘʙʽʨ ʨʦʟʨʘʭʫʥʢʽʚ, ʷʢʽ 

ʚʠʢʦʥʫʶʪʴʩʷ ʟʘ ʧʝʚʥʠʤ ʘʣʛʦʨʠʪʤʦʤ.  

ʄʦʜʫʣʴ 1 ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʛʝʥʝʨʘʪʦʨ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʭ ʯʠʩʝʣ, ʷʢʠʡ 

ʚʠʜʘʻ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʫ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʫʥʢʮʽʾ random() ʤʦʚʠ 

ʉ++. 

ʄʦʜʫʣʴ 2 ʟʜʽʡʩʥʶʻ ʤʦʜʝʣʶʚʘʥʥʷ ʢʦʜʫʚʘʥʥʷ ʧʝʨʝʜʘʥʦʾ ʟ ʜʞʝʨʝʣʘ ʜʘʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʜʚʦʭʢʦʤʧʦʥʝʥʪʥʠʤ ʢʦʜʝʨʦʤ ʪʫʨʙʦ ʢʦʜʫ.  

ʄʦʜʫʣʴ 3 ʤʦʜʝʣʶʻ ʢʦʜʫʚʘʥʥʷ ʧʝʨʝʜʘʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ 

ʪʨʴʦʭʢʦʤʧʦʥʝʥʪʥʠʤ ʢʦʜʝʨʦʤ ʪʫʨʙʦ ʢʦʜʫ.  

ʄʦʜʫʣʴ 4 ʤʦʜʝʣʶʻ ʤʦʜʫʣʷʮʽʶ ʅʏ ʧʝʨʝʜʘʥʠʭ ʢʦʜʦʚʘʥʠʭ ʩʠʤʚʦʣʽʚ ʟ 

ʢʦʜʝʨʘ ʊʂ.  
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ʄʦʜʫʣʴ 1 

ɼʞʝʨʝʣʦ ʜʘʥʠʭ 

ʄʦʜʫʣʴ 2 

2-ʭ 

 ʢʦʤʧʦʥʝʥʪʥʠʡ 

ʢʦʜʝʨ ʊʂ 

ʄʦʜʫʣʴ 4 

ʄʦʜʫʣʷʪʦʨ ʅʏ 

ʄʦʜʫʣʴ 5 

ʂʘʥʘʣ ʟ ʰʫʤʦʤ 

ʪʘ ʟʘʚʘʜʘʤʠ 

ʄʦʜʫʣʴ 6 

ʇʝʨʝʪʚʦʨʝʥʥʷ 

ʢʚʘʜʨʘʪʫʨʥʠʭ 

ʩʢʣʘʜʦʚʠʭ 

ʄʦʜʫʣʴ 7 

2-ʭ 

ʢʦʤʧʦʥʝʥʪʥʠʡ 

ʽʪʝʨʘʪʠʚʥʠʡ 

ʜʝʢʦʜʝʨ ʊʂ 

ʄʦʜʫʣʴ 9 

ʈʦʟʨʘʭʫʥʦʢ 

   

 

  

ʈʠʩ. 4.13. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʩʪʘʪʠʩʪʠʯʥʦʾ ʽʤʽʪʘʮʽʡʥʦʾ ʤʦʜʝʣʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʟʘʚʘʜʦʟʘʭʠʱʝʥʽʩʪʴ ɹɿʇɼ ʟ ʜʚʦʭʢʦʤʧʦʥʝʥʪʥʠʤʠ ʪʘ 

ʪʨʴʦʭʢʦʤʧʦʥʝʥʪʥʠʤʠ ʪʫʨʙʦ ʢʦʜʘʤʠ ʚ ʫʤʦʚʘʭ ʚʧʣʠʚʫ ʟʘʚʘʜ 

ʄʦʜʫʣʴ 8 

3-ʭ 

ʢʦʤʧʦʥʝʥʪʥʠʡ 

ʽʪʝʨʘʪʠʚʥʠʡ 

ʜʝʢʦʜʝʨ ʊʂ 

ʄʦʜʫʣʴ 3 

3-ʭ 

 ʢʦʤʧʦʥʝʥʪʥʠʡ 

ʢʦʜʝʨ ʊʂ 
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ʄʦʜʝʣʶʚʘʥʥʷ ʜʠʩʢʨʝʪʥʦ-ʥʝʧʝʨʝʨʚʥʦʛʦ ʢʘʥʘʣʫ ʟʚôʷʟʢʫ ʟ ʨʦʟʰʠʨʝʥʥʷʤ 

ʩʧʝʢʪʨʫ ʤʝʪʦʜʦʤ  ʇʇʈʏ, ʄ-ʧʦʟʠʮʽʡʥʠʤʠ ʩʠʛʥʘʣʘʤʠ, ʬʣʫʢʪʫʘʮʽʡʥʠʤ ʰʫʤʦʤ ʽ 

ʥʘʚʤʠʩʥʠʤʠ ʟʘʚʘʜʘʤʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʤʦʜʫʣʽ 5.  

ʄʦʜʫʣʴ 6 ʟʜʽʡʩʥʶʻ ʤʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʢʚʘʜʨʘʪʫʨʥʠʭ ʩʢʣʘʜʦʚʠʭ 

ʩʠʛʥʘʣʽʚ. 

ʋ ʤʦʜʫʣʷʭ 7, 8 ʚʽʜʙʫʚʘʻʪʴʩʷ ʤʦʜʝʣʶʚʘʥʥʷ ʽʪʝʨʘʪʠʚʥʦʛʦ ʜʝʢʦʜʫʚʘʥʥʷ 

ʧʨʠʡʥʷʪʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʚʽʜʧʦʚʽʜʥʦ ʜʚʦʭʢʦʤʧʦʥʝʥʪʥʠʤ ʪʘ 

ʪʨʴʦʭʢʦʤʧʦʥʝʥʪʥʠʤ ʢʦʜʝʨʦʤ ʪʫʨʙʦ ʢʦʜʫ ʟ ʚʠʭʦʜʫ ʤʦʜʫʣʷ 6 ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ 

ʦʙʨʘʥʠʤ ʘʣʛʦʨʠʪʤʦʤ ʜʝʢʦʜʫʚʘʥʥʷ.  

ʄʦʜʫʣʴ 9 ʨʦʟʨʘʭʦʚʫʻ ʩʝʨʝʜʥʶ ʡʤʦʚʽʨʥʽʩʪʴ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʜʝʢʦʜʫʚʘʥʥʷ 

 ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ ʧʝʨʝʜʘʥʦʾ   ʽ ʧʨʠʡʥʷʪʦʾ  

ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʙʽʪʽʚ ʪʘ ʥʘʢʦʧʠʯʝʥʥʷ ʥʘ ʧʨʦʪʷʟʽ ʝʢʩʧʝʨʠʤʝʥʪʫ ʜʘʥʠʭ ʧʨʦ 

ʢʽʣʴʢʽʩʪʴ ʧʝʨʝʜʘʥʦʾ ʽ ʧʦʤʠʣʢʦʚʦ ʧʨʠʡʥʷʪʦʾ ʽʥʬʦʨʤʘʮʽʾ. ʋ ʨʘʟʽ, ʷʢʱʦ ʧʝʨʝʜʘʥʠʡ ʽ 

ʧʨʠʡʥʷʪʠʡ ʙʽʪʠ ʥʝ ʩʧʽʚʧʘʜʘʶʪʴ, ʚʠʥʦʩʠʪʴʩʷ ʨʽʰʝʥʥʷ ʧʨʦ ʧʦʤʠʣʢʫ. ʂʽʣʴʢʽʩʪʴ 

ʧʦʤʠʣʦʢ ʧʽʜʩʫʤʦʚʫʻʪʴʩʷ ʥʘ ʧʨʦʪʷʟʽ ʫʩʴʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ. ʇʦ ʟʘʚʝʨʰʝʥʥʶ 

ʝʢʩʧʝʨʠʤʝʥʪʫ ʟʥʘʯʝʥʥʷ  ʦʙʯʠʩʣʶʻʪʴʩʷ ʷʢ ʚʽʜʥʦʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʦʤʠʣʢʦʚʦ 

ʧʨʠʡʥʷʪʠʭ ʙʽʪʽʚ ʜʦ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʧʝʨʝʜʘʥʠʭ ʙʽʪʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʽʜʩʽʷʥʠʭ 

ʙʣʦʢʽʚ.  

ʉʭʝʤʘ ʘʣʛʦʨʠʪʤʫ ʦʮʽʥʢʠ ʟʘʚʘʜʦʟʘʭʠʱʝʥʦʩʪʽ ɹɿʇɼ ʚ ʫʤʦʚʘʭ ʚʧʣʠʚʫ ʟʘʚʘʜ 

ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 4.14. 

ɯʟ ʨʦʟʨʦʙʣʝʥʦʾ ʩʭʝʤʠ ʩʪʘʪʠʩʪʠʯʥʦʾ ʤʦʜʝʣʽ ʚʠʜʥʦ, ʱʦ ʽʤʽʪʘʮʽʡʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ɽʆʄ ʧʦʪʨʝʙʫʻ ʟʥʘʯʥʦʛʦ ʤʘʰʠʥʥʦ-ʯʘʩʦʚʦʛʦ 

ʨʝʩʫʨʩʫ. ɿʘʦʱʘʜʠʪʠ ʪʘʢʠʡ ʨʝʩʫʨʩ ʜʦʟʚʦʣʠʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʘʨʘʣʝʣʴʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ ʙʘʛʘʪʴʦʭ ʟʥʘʯʝʥʴ ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ-ʟʘʚʘʜʘ , ʱʦ ʟʤʝʥʰʠʪʴ 

ʢʽʣʴʢʽʩʪʴ ʦʙʯʠʩʣʝʥʴ ʦʜʥʘʢʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʶʚʘʥʥʷ. 

ɺ ʷʢʦʩʪʽ ʤʦʚʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʚʠʙʨʘʥʦ ʦʙô̒ ʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʫ ʤʦʚʫ 

ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ ʉ++, ʱʦ ʜʦʟʚʦʣʠʪʴ ʧʨʝʜʩʪʘʚʠʪʠ ʦʢʨʝʤʽ ʤʦʜʫʣʽ ʤʦʜʝʣʽ ʫ ʚʠʛʣʷʜʽ 

ʢʣʘʩʽʚ ʦʙô̒ ʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 

 

ʜʝʢBP { } niU i ,1, Í { } niU i ,1, Í
*

ʜʝʢBP

2

jh
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ʄʦʜʝʣʶʚʘʥʥʷ ɼʅʂɿ ʟ 

 ʨʘʩʰʠʨʝʥʥʷʤ ʩʧʝʢʪʨʫ ʤʝʪʦʜʦʤ 

 ʇʇʈʏ, ʄ-ʧʦʟʠʮʽʡʥʠʤʠ ʩʠʛʥʘʣʘʤʠ, 

ʬʣʫʢʪʫʘʮʽʡʥʠʤ ʰʫʤʦʤ 

 ʽ ʥʘʚʤʠʩʥʠʤʠ ʟʘʚʘʜʘʤʠ 

ʇʦʯʘʪʦʢ 

ɺʚʽʜ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ 

1 

  , , , .   

 

5 

 

ɯʥʽʮʽʘʣʽʟʘʮʽʷ ʽʤʽʪʘʮʽʡʥʦʾ 

ʤʦʜʝʣʽ ʚ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ 

ʚʠʭʽʜʥʠʤʠ ʜʘʥʠʤʠ 

 

2 

 

 ʄʦʜʝʣʶʚʘʥʥʷ ʢʦʜʫʚʘʥʥʷ ʢʦʜʝʨʦʤ 

ʊʂ ʧʝʨʝʜʘʥʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ 

 

4 

 

 ʄʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʢʚʘʜʨʘʪʫʨʥʠʭ ʩʢʣʘʜʦʚʠʭ 

 

6 

 

 ʄʦʜʝʣʶʚʘʥʷ ʜʝʢʦʜʫʚʘʥʥʷ ʧʨʠʡʥʷʪʦʾ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʜʝʢʦʜʝʨʦʤ ʊʂ 

 

7 

 

 
8 

 ʈʦʟʨʘʭʫʥʦʢ ʩʝʨʝʜʥʴʦʾ ʡʤʦʚʽʨʥʽʩʪʴ 

ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʜʝʢʦʜʫʚʘʥʥʷ   

ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ ʧʝʨʝʜʘʥʦʾ 

  ̔  ʧʨʠʡʥʷʪʦʾ   

ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʙʽʪʽʚ 

 

9 

 

 ɻʝʥʝʨʫʚʘʥʥʷ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʦʾ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ  

 

3 
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ʊʘʢ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʢʣʘʩʠ: 

1. AMKM _Generator ï ʢʣʘʩ, ʱʦ ʛʝʥʝʨʫʻ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʽ ʚʠʧʘʜʢʦʚʽ 

ʚʝʣʠʯʠʥʠ. 

2. Channel ï ʢʣʘʩ, ʷʢʠʡ ʤʦʜʝʣʶʻ ʜʠʩʢʨʝʪʥʦ-ʥʝʧʝʨʝʨʚʥʠʡ ʢʘʥʘʣ ʟʚô̫ ʟʢʫ. 

3. CoderUnit ï ʢʣʘʩ, ʷʢʠʡ ʤʦʜʝʣʶʻ ʜʚʦʭʢʦʤʧʦʥʝʥʪʥʠʡ ʘʙʦ 

ʪʨʴʦʭʢʦʤʧʦʥʝʥʪʥʠʡ ʢʦʜʝʨ ʪʫʨʙʦ ʢʦʜʫ (ʛʝʥʝʨʫʻ ʩʠʩʪʝʤʘʪʠʯʥʽ ʪʘ ʧʝʨʝʚʽʨʦʯʥʽ 

ʩʠʤʚʦʣʠ). 

4. DataBuffer ï ʢʣʘʩ, ʷʢʠʡ ʩʪʚʦʨʶʻ ʙʫʬʝʨʠ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʙʽʥʘʨʥʠʭ ʯʠʩʝʣ.  

5. FloatDataBuffer ï ʢʣʘʩ, ʷʢʠʡ ʩʪʚʦʨʶʻ ʙʫʬʝʨʠ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʜʽʡʩʥʠʭ 

ʯʠʩʝʣ.  

6. DecoderUnit ï ʢʣʘʩ, ʷʢʠʡ ʤʦʜʝʣʶʻ ʦʜʠʥ ʜʚʦʭʢʦʤʧʦʥʝʥʪʥʠʡ ʘʙʦ 

ʪʨʴʦʭʢʦʤʧʦʥʝʥʪʥʠʡ ʜʝʢʦʜʝʨ ʪʫʨʙʦ ʢʦʜʫ (ʨʝʘʣʽʟʫʻ ʨʽʟʥʽ ʘʣʛʦʨʠʪʤʠ ʜʝʢʦʜʫʚʘʥʥʷ 

ʪʫʨʙʦ ʢʦʜʫ).  

7. DecoderIterationBlock ï ʢʣʘʩ, ʷʢʠʡ ʤʦʜʝʣʶʻ ʙôʻʜʥʘʥʥʷ ʜʚʦʭ ʜʝʢʦʜʝʨʽʚ 

ʪʫʨʙʦ ʢʦʜʫ ʪʘ ʥʘʙʦʨʠ ʟʚôʷʟʫʶʯʠʭ ʙʫʬʝʨʽʚ ʚ ʨʘʤʢʘʭ ʦʜʥʽʻʾ ʽʪʝʨʘʮʽʾ ʜʝʢʦʜʫʚʘʥʥʷ.  

8. Generator ï ʢʣʘʩ, ʷʢʠʡ ʤʦʜʝʣʶʻ ʥʦʨʤʘʣʴʥʦ ʨʦʟʧʦʜʽʣʝʥʽ ʚʠʧʘʜʢʦʚʽ 

ʚʝʣʠʯʠʥʠ. 

9. SourceReader ï ʢʣʘʩ, ʱʦ ʛʝʥʝʨʫʻ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʫ ʧʦʩʣʽʜʦʚʥʽʩʪʴ. 

ʉʫʪʥʽʩʪʴ ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ 

ʜʦʩʣʽʜʞʝʥʴ ʝʢʩʧʝʨʠʤʝʥʪ ʚʝʜʝʪʴʩʷ ʚ ʜʝʢʽʣʴʢʘ ʧʦʩʣʽʜʦʚʥʠʭ ʝʪʘʧʽʚ, ʧʽʩʣʷ ʢʦʞʥʦʛʦ 

ʟ ʢʦʪʨʠʭ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʧʠʪʘʥʥʷ ʧʨʦ ʟʤʽʥʫ ʩʪʨʘʪʝʛʽʾ ʝʢʩʧʝʨʠʤʝʥʪʫ [130]. 

ʂʽʥʝʮʴ 

ʈʠʩ. 4.14. ʉʭʝʤʘ ʘʣʛʦʨʠʪʤʫ ʦʮʽʥʢʠ ʟʘʚʘʜʦʟʘʭʠʱʝʥʦʩʪ̔  ɹɿʇɼ 

(ʨʦʟʨʘʭʫʥʢʫ ) ʚ ʫʤʦʚʘʭ ʚʧʣʠʚʫ ʟʘʚʘʜ  

ɺʠʚʽʜ ʨʝʟʫʣʴʪʘʪʫ 

9 

 

8 
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ʈʦʟʨʽʟʥʷʶʪʴ ʩʪʨʘʪʝʛʽʯʥʝ ʪʘ ʪʘʢʪʠʯʥʝ ʧʣʘʥʫʚʘʥʥʷ ʤʘʰʠʥʥʦʛʦ 

ʝʢʩʧʝʨʠʤʝʥʪʫ [130]. 

ʇʨʠ ʩʪʨʘʪʝʛʽʯʥʦʤʫ ʧʣʘʥʫʚʘʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʫ ʩʪʘʚʠʪʴʩʷ ʟʘʚʜʘʥʥʷ 

ʧʦʙʫʜʦʚʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʣʘʥʫ ʝʢʩʧʝʨʠʤʝʥʪʫ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ, ʱʦ 

ʩʪʘʚʠʪʴʩʷ ʧʝʨʝʜ ʤʦʜʝʣʶʚʘʥʥʷʤ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʧʽʜ ʩʪʨʘʪʝʛʽʯʥʠʤ ʧʣʘʥʫʚʘʥʥʷʤ ʜʦʩʣʽʜʞʫʚʘʣʴʥʦʛʦ 

ʝʢʩʧʝʨʠʤʝʥʪʫ ʩʪʘʚʠʪʴʩʷ ʤʝʪʘ ʦʜʝʨʞʘʥʥʷ ʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʾ ʡʤʦʚʽʨʥʦʩʪʽ 

ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʜʝʢʦʜʫʚʘʥʥʷ ʊʂ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʘ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ. 

ʊʘʢʪʠʯʥʝ ʧʣʘʥʫʚʘʥʥʷ ʷʚʣʷʻ ʩʦʙʦʶ ʚʠʟʥʘʯʝʥʥʷ ʩʧʦʩʦʙʫ ʧʨʦʚʝʜʝʥʥʷ 

ʢʦʞʥʦʾ ʩʝʨʽʾ ʚʠʧʨʦʙʫʚʘʥʴ ʤʘʰʠʥʥʦʾ ʤʦʜʝʣʽ, ʷʢʽ ʧʝʨʝʜʙʘʯʝʥʽ ʧʣʘʥʦʤ 

ʝʢʩʧʝʨʠʤʝʥʪʫ. ʊʘʢʪʠʯʥʝ ʧʣʘʥʫʚʘʥʥʷ ʤʘʰʠʥʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʦʚô̫ ʟʘʥʝ ʟ 

ʨʽʰʝʥʥʷʤ ʥʘʩʪʫʧʥʠʭ ʧʨʦʙʣʝʤ:  

ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʪʦʯʥʦʩʪʽ ʽ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ; 

ʚʠʙʦʨʦʤ ʧʨʘʚʠʣ ʘʚʪʦʤʘʪʠʯʥʦʾ ʟʫʧʠʥʢʠ ʽʤʽʪʘʮʽʡʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟ 

ʤʦʜʝʣʷʤʠ ʩʠʩʪʝʤʠ. 

ʆʮʽʥʠʤʦ ʪʦʯʥʽʩʪʴ ʽ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

ʊʦʯʥʽʩʪʶ ʦʮʽʥʢʠ ʥʘʟʠʚʘʶʪʴ ʚʝʣʠʯʠʥʫ e ʫ ʚʽʜʥʦʰʝʥʥʽ [147] 

[]e<x-x M ,  

ʜʝ x - ʦʮʽʥʢʘ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʯʽʢʫʚʘʥʥʷ, ʦʪʨʠʤʘʥʘ ʚ ʨʝʟʫʣʴʪʘʪʽ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟ 

ʤʦʜʝʣʣʶ; []xM  - ʤʘʪʝʤʘʪʠʯʥʝ ʦʯʽʢʫʚʘʥʥʷ ʰʫʢʘʥʦʛʦ ʧʘʨʘʤʝʪʨʘ. 

ɼʦʩʪʦʚʽʨʥʽʩʪʶ ʦʮʽʥʢʠ ʥʘʟʠʚʘʻʪʴʩʷ ʡʤʦʚʽʨʥʽʩʪʴ a ʪʦʛʦ, ʱʦ ʥʘʚʝʜʝʥʝ ʚʠʱʝ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ [147] 

[]( )a=e<x-x MP . (4.139) 

ʗʢ ʦʮʽʥʢʘ ʡʤʦʚʽʨʥʦʩʪʽ ʈ ʨʝʟʫʣʴʪʘʪʫ ɸ ʦʙʨʘʥʘ ʯʘʩʪʽʩʪʴ 
ʨ

1

ʨ

ʨ

NN

m
P

N

i

iä
=

x

== , ʜʝ m  

- ʢʽʣʴʢʽʩʪʴ ʟʜʽʡʩʥʝʥʴ ʨʝʟʫʣʴʪʘʪʫ ɸ, Nʨ - ʢʽʣʴʢʽʩʪʴ ʨʝʘʣʽʟʘʮʽʡ ʤʦʜʝʣʽ, ix - 

ʨʝʟʫʣʴʪʘʪ ʦʜʠʥʠʯʥʦʛʦ i-ʛʦ ʚʠʧʨʦʙʫʚʘʥʥʷ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ ʚʠʧʘʜʢʦʚʫ ʚʝʣʠʯʠʥʫ 
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x, ʟʥʘʯʝʥʥʷ ʷʢʦʾ  ʟ ʧʦʷʚʦʶ ʨʝʟʫʣʴʪʘʪʫ ɸ ʠ  - ʫ ʧʨʦʪʠʚʥʦʤʫ ʚʠʧʘʜʢʫ. 

ʇʽʜʩʪʘʚʠʚʰʠ  ʽ  ʟʘʤʽʩʪʴ  ʪʘ  ʚʽʜʧʦʚʽʜʥʦ ʚ (4.139) ʦʜʝʨʞʠʤʦ [147]: 

.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʚʜʘʥʥʷ ʟʚʦʜʠʪʴʩʷ ʜʦ ʟʥʘʭʦʜʞʝʥʥʷ ʪʘʢʦʾ ʢʽʣʴʢʦʩʪʽ 

ʚʠʧʨʦʙʫʚʘʥʴ Nʨ, ʱʦʙ ʦʮʽʥʢʘ P  ʚʽʜʨʽʟʥʷʣʘʩʷ ʚʽʜ ʈ ʥʝ ʙʽʣʴʰʝ ʥʽʞ ʥʘ e ʽʟ ʟʘʜʘʥʦʶ 

ʜʦʩʪʦʚʽʨʥʽʩʪʶ a. ʗʢʱʦ ʘʧʨʽʦʨʥʽ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʚʝʣʠʯʠʥʠ ʰʫʢʘʥʦʾ ʡʤʦʚʽʨʥʦʩʪʽ 

ʚʽʜʩʫʪʥʽ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʥʷʪʪʷ ʘʙʩʦʣʶʪʥʦʾ ʪʦʯʥʦʩʪʽ e ʧʨʘʢʪʠʯʥʦ ʥʝʤʦʞʣʠʚʦ. 

ʊʦʤʫ ʚ ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʽʜʥʦʩʥʫ ʪʦʯʥʽʩʪʴ d, ʟ 

ʷʢʦʶ ʚʠʟʥʘʯʘʶʪʴʩʷ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ. 

ɺʽʜʦʤʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ [147], ʱʦ ʟʚ'ʷʟʫʻ ʘʙʩʦʣʶʪʥʫ ʧʦʛʨʽʰʥʽʩʪʴ e, 

ʚʽʜʥʦʩʥʫ ʪʦʯʥʽʩʪʴ d, ʜʦʩʪʦʚʽʨʥʽʩʪʴ a ʽ ʢʽʣʴʢʽʩʪʴ ʨʝʘʣʽʟʘʮʽʡ N ʜʣʷ ʟʘʜʘʥʦʾ 

ʡʤʦʚʽʨʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʫ ʈ: 
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, (4.140) 

ʜʝ at  - ʘʨʛʫʤʝʥʪ ʬʫʥʢʮʽʾ ʃʘʧʣʘʩʘ, ʟʥʘʯʝʥʥʷ ʷʢʦʛʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʽ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦ ʪʘʙʣʠʮʽ ʟʥʘʯʝʥʴ ʬʫʥʢʮʽʾ ʃʘʧʣʘʩʘ [147].  

 ɺʩʽ ʨʝʟʫʣʴʪʘʪʠ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʦʪʨʠʤʘʥʽ ʚʠʭʦʜʷʯʠ ʟ 

ʜʦʩʪʦʚʽʨʥʦʩʪʽ a = 0,95 (at  = 1,95), ʚʽʜʥʦʩʥʦʾ ʪʦʯʥʦʩʪʽ d = 0,1. 

 ʋ ʪʘʙʣ. 4.2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʽʣʴʢʽʩʪʴ ʨʝʘʣʽʟʘʮʽʡ ʤʦʜʝʣʶʻʤʦʛʦ ʧʨʦʮʝʩʫ Nʨ 

ʜʣʷ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ P. ʇʽʜ ʢʽʣʴʢʽʩʪʶ ʨʝʘʣʽʟʘʮʽʡ Nʨ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʧʨʠʡʥʷʪʘ 

ʢʽʣʴʢʽʩʪʴ ʩʠʤʚʦʣʽʚ, ʷʢʠʭ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʘʪʠ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʦʜʥʽʻʾ 

ʽʤʦʚʽʨʥʽʩʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʟʥʘʯʝʥʥʷ 
( )2

jhq
. 

 

ʊʘʙʣʠʮʷ 4.2 ï ʂʽʣʴʢʽʩʪʴ ʨʝʘʣʽʟʘʮʽʡ ʤʦʜʝʣʠʨʫʝʤʦʛʦ ʧʨʦʮʝʩʫ ʜʣʷ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ 

ʡʤʦʚʽʨʥʦʩʪʽ P 

 

 
P 

10
-1 

10
-2 

10
-3 

10
-4 

10
-5 

10
-6 

Nʨ 3,422³10
3 

3,764³10
4 

3,799³10
5 

3,802³10
6 

3,802³10
7 

3,802³10
8 

 

1=xi 0=ix

P ʈ x []xM

( )a=e<-ʈʈP
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ʆʜʥʘʢ, ʦʙʯʠʩʣʝʥʥʷ Nʨ ʧʦ ʬʦʨʤʫʣʽ (4.140) ʚʠʤʘʛʘʻ ʟʥʘʥʥʷ ʚʝʣʠʯʠʥʠ ʈ, 

ʟʥʘʯʝʥʥʷ ʷʢʦʾ ʥʝʚʽʜʦʤʦ. ʊʦʤʫ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʜʦʚʽʣʴʥʦ ʧʨʠʟʥʘʯʘʣʦʩʷ ʧʝʚʥʝ 

ʯʠʩʣʦ ʨʝʘʣʽʟʘʮʽʡ ʨN¡, ʦʙʯʠʩʣʶʚʘʣʦʩʷ ʦʨʽʻʥʪʦʚʥʝ ʟʥʘʯʝʥʥʷ ʨ0 / NmP ¡= . ʆʪʨʠʤʘʥʝ 

ʟʥʘʯʝʥʥʷ 0P  ʧʽʜʩʪʘʚʣʷʣʦʩʷ ʚ (4.140) ʟʘʤʽʩʪʴ P  ʽ, ʷʢʱʦ ʥʝʦʙʭʽʜʥʘ ʚʝʣʠʯʠʥʘ 

ʨʨ NN ¡> , ʪʦ ʨʽʰʝʥʥʷ ʪʨʠʚʘʣʦ ʜʦ ʚʠʢʦʥʘʥʥʷ Nʨ ʨʝʘʣʽʟʘʮʽʡ. 

ɺ ʷʢʦʩʪʽ ʦʮʽʥʢʠ ʡʤʦʚʽʨʥʦʩʪʽ ʈ ʨʝʟʫʣʴʪʘʪʫ ɸ (ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ 

ʜʝʢʦʜʫʚʘʥʥʷ) ʦʙʨʘʥʘ ʯʘʩʪʽʩʪʴ 
n
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ʨ

ʨ

, ʜʝ m  - ʢʽʣʴʢʽʩʪʴ 

ʟʜʽʡʩʥʝʥʴ ʨʝʟʫʣʴʪʘʪʫ ɸ, Nʨ - ʢʽʣʴʢʽʩʪʴ ʨʝʘʣʽʟʘʮʽʡ ʤʦʜʝʣʽ, ix - ʨʝʟʫʣʴʪʘʪ 

ʦʜʠʥʠʯʥʦʛʦ i-ʛʦ ʚʠʧʨʦʙʫʚʘʥʥʷ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ ʚʠʧʘʜʢʦʚʫ ʚʝʣʠʯʠʥʫ x, 

ʟʥʘʯʝʥʥʷ ʷʢʦʾ 1=xi  ʟ ʧʦʷʚʦʶ ʨʝʟʫʣʴʪʘʪʫ ɸ ʽ  - ʫ ʧʨʦʪʠʚʥʦʤʫ ʚʠʧʘʜʢʫ, iP , 

ni ,1Í  ï ʟʥʘʯʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʝʡ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʜʝʢʦʜʫʚʘʥʥʷ ʙʣʦʢʫ ʨʦʟʤʽʨʦʤ N, 

n ï ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʧʝʨʝʜʘʥʠʭ ʙʣʦʢʽʚ ʨʦʟʤʽʨʦʤ N.  

ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʚʠʛʣʷʜʽ 

ʛʨʘʬʽʢʽʚ ʪʘ ʪʘʙʣʠʮʴ ʚ ʦʩʥʦʚʥʠʭ ʨʦʟʜʽʣʘʭ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ. 

ɸʜʝʢʚʘʪʥʽʩʪʴ ʽʤʽʪʘʮʽʡʥʥʦʾ ʤʦʜʝʣʽ ʬʽʟʠʯʥʦʛʦ ʨʽʚʥʷ ʧʨʦʛʨʘʤʦʚʘʥʦʾ 

ʨʘʜʽʦʩʪʘʥʮʽʾ ʟ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʤʠ ʪʫʨʙʦ ʢʦʜʘʤʠ ʤʦʞʝ ʙʫʪʠ ʧʽʜʪʚʝʨʜʞʝʥʘ 

ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ, ʷʢʽ ʦʪʨʠʤʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʦʙʣʝʥʦʾ ʤʦʜʝʣʽ, 

ʽ ʨʝʟʫʣʴʪʘʪʽʚ, ʷʢʽ ʦʪʨʠʤʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʜʦʤʠʭ ʘʥʘʣʦʛʽʯʥʠʭ ʽʤʽʪʘʮʽʡʥʠʭ 

ʤʦʜʝʣʝʡ. ɺ ʷʢʦʩʪʽ ʧʦʜʽʙʥʦʾ ʙʫʣʘ ʦʙʨʘʥʘ ʽʤʽʪʘʮʽʡʥʘ ʤʦʜʝʣʴ, ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʛʨʫʧʦʶ Iterative Solutions. ʎʷ ʤʦʜʝʣʴ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʤʦʜʝʣʶʚʘʥʥʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘʚʘʜʦʩʪʽʡʢʦʩʪʽ ʤʘʡʞʝ ʚʩʽʭ ʚʽʜʦʤʠʭ ʤʦʙʽʣʴʥʠʭ ʩʠʩʪʝʤ ʧʝʨʝʜʘʯʽ 

ʽʥʬʦʨʤʘʮʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʠʭ ʟʘʚʘʜʦʩʪʽʡʢʠʭ ʢʦʜʽʚ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʽ ʊʂ.  

ɺ ʷʢʦʩʪʽ ʦʙô̒ ʢʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʦʙʨʘʥʠʡ ʊʂ ʩʠʩʪʝʤʠ UMTS ʩʪʘʥʜʘʨʪʘ 

25.212. ʇʨʠ ʮʴʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʦʜʫʣʷʮʽʷ ʌʄ-2, ʊʂ ʟ ʰʚʠʜʢʽʩʪʶ 

ʢʦʜʫʚʘʥʥʷ 3/1=R , ʜʚʦʤʘ ʈʉɿʂ ʪʠʧʫ (1, 13/15), ʘʣʛʦʨʠʪʤʦʤ ʜʝʢʦʜʫʚʘʥʥʷ Max 

Log Map, 8 ʽʪʝʨʘʮʽʷʤʠ ʜʝʢʦʜʫʚʘʥʥʷ. ɺ ʷʢʦʩʪʽ ʢʘʥʘʣʫ ʟʚôʷʟʢʫ ʨʦʟʛʣʷʜʘʻʪʴʩʷ 

ʢʘʥʘʣ ʟ ɸɹɻʐ.  

0=ix
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ʇʦʨʽʚʥʷʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘʚʘʜʦʟʘʭʠʱʝʥʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʟ 

ʊʂ ʪʘ ʧʨʦʪʦʪʠʧʘ ʚʽʜʙʫʚʘʣʦʩʷ ʧʨʠ ʥʠʟʴʢʠʭ ʟʥʘʯʝʥʥʷʭ ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ-ʰʫʤ, 

ʪʦʤʫ ʱʦ ʩʘʤʝ ʮʷ ʦʙʣʘʩʪʴ ʮʽʢʘʚʘ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 4.15.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʅʘʡʙʽʣʴʰʝ ʨʦʟʭʦʜʞʝʥʥʷ ʚ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʟʘʚʘʜʦʩʪʽʡʢʦʩʪʽ 

ʜʦʩʣʽʜʞʫʚʘʣʴʥʦʾ ʤʦʜʝʣʽ ʟ ʧʨʦʪʦʪʠʧʦʤ ʦʪʨʠʤʘʥʦ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʊʂ ʟ ʤʘʣʦʶ 

ʜʦʚʞʠʥʦʶ ʢʦʜʦʚʦʛʦ ʙʣʦʢʫ. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʜʦʚʞʠʥʠ ʢʦʜʦʚʦʛʦ ʙʣʦʢʫ 

ʨʦʟʭʦʜʞʝʥʥʷ ʚ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʥʝʟʥʘʯʥʽ.  

ʅʘ ʧʨʘʢʪʠʮʽ ʜʦʩʣʽʜʥʠʢ ʟʘʚʞʜʠ ʤʘʻ ʣʠʰʝ ʦʙʤʝʞʝʥʫ ʢʽʣʴʢʽʩʪʴ ʟʥʘʯʝʥʴ 

ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ, ʷʢʽ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʜʝʷʢʫ ʚʠʙʽʨʢʫ ʟ ʛʝʥʝʨʘʣʴʥʦʾ 

ʩʫʢʫʧʥʦʩʪʽ. ʄʘʪʝʤʘʪʠʯʥʝ ʩʧʦʜʽʚʘʥʥʷ (ʩʝʨʝʜʥʻ) ʪʘ ʜʠʩʧʝʨʩʽʷ ʛʝʥʝʨʘʣʴʥʦʾ 

ʩʫʢʫʧʥʦʩʪʽ ʦʮʽʥʶʶʪʴʩʷ ʩʝʨʝʜʥʽʤ ʘʨʠʬʤʝʪʠʯʥʠʤ ʪʘ ʜʠʩʧʝʨʩʽʻʶ ʚʠʙʽʨʢʠ ʪʠʤ 

ʪʦʯʥʽʰʝ, ʯʠʤ ʙʽʣʴʰʠʡ ʦʙôʻʤ ʚʠʙʽʨʢʠ.  

 

 

 

, ʜɹ 

ʈʠʩ. 4.15. ɿʘʣʝʞʥʽʩʪʴ ʡʤʦʚʽʨʥʦʩʪʽ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʚʽʜ ɺʉʐ ʚ ʢʘʥʘʣʽ ʜʣʷ 

ʢʦʜʝʢʫ UMTS ʪʘ ʩʠʩʪʝʤʠ, ʱʦ ʘʥʘʣʽʟʫʻʪʴʩʷ, ʧʨʠ ʘʥʘʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʘʭ ʜʣʷ 

ʤʘʣʦʾ ʜʦʚʞʠʥʠ ʙʣʦʢʫ  

ʉʠʩʪʝʤʘ, ʱʦ 

ʘʥʘʣʽʟʫʻʪʴʩʷ 

UMTS 
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ʇʨʠ ʮʴʦʤʫ, ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ ʭʘʨʘʢʪʝʨʠʟʫʻ ʨʝʟʫʣʴʪʘʪ ʚʠʤʽʨʶʚʘʥʴ, ʘ 

ʜʠʩʧʝʨʩʽʷ ï ʪʦʯʥʽʩʪʴ ʮʴʦʛʦ ʨʝʟʫʣʴʪʘʪʫ (ʜʠʩʧʝʨʩʽʷ ʚʽʜʪʚʦʨʝʥʥʷ ʦʧʠʪʽʚ). ʗʢʱʦ 

ʧʨʦʚʝʜʝʥʦ m ʧʘʨʘʣʝʣʴʥʠʭ ʦʧʠʪʽʚ ʪʘ ʦʪʨʠʤʘʥʘ ʚʠʙʽʨʢʘ myyy ,,, 21 >  ʟʥʘʯʝʥʴ 

ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʚʝʣʠʯʠʥʠ, ʪʦ ʜʠʩʧʝʨʩʽʷ ʚʽʜʪʚʦʨʝʥʥʷ  

( )ä
=

-
-

=
m

u

u yy
m

S
1

22

ʚʽʜʪʚʦʨ.
1

1
,  

ʜʝ ä
=

=
m

u

uy
m

y
1

1
, y  - ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʰʫʢʘʥʦʾ ʚʝʣʠʯʠʥʠ. 

ɼʣʷ ʦʮʽʥʢʠ ʪʦʯʥʦʩʪʽ ʟʘʩʪʦʩʦʚʫʚʘʥʦʾ ʤʝʪʦʜʠʢʠ ʥʝʦʙʭʽʜʥʦ ʩʪʘʚʠʪʠ ʚʝʣʠʢʫ 

ʩʝʨʽʶ ʦʧʠʪʽʚ, ʙʘʛʘʪʦʨʘʟʦʚʦ ʧʦʚʪʦʨʶʶʯʠ ʘʥʘʣʽʟ ʦʜʥʽʻʾ ʽ ʪʽʻʾ ʞ ʧʨʦʙʠ. ʅʘ 

ʧʨʦʚʝʜʝʥʥʷ ʚʝʣʠʢʦʾ ʩʝʨʽʾ ʦʧʠʪʽʚ ʥʝʦʙʭʽʜʥʦ ʙʘʛʘʪʦ ʯʘʩʫ, ʪʦʤʫ ʟʨʫʯʥʽʰʝ 

ʚʠʟʥʘʯʘʪʠ 2

ʚʽʜʪʚʦʨ.S  ʧʦ ʧʦʪʦʯʥʠʤ ʚʠʤʽʨʶʚʘʥʥʷʤ. 

ʇʝʨʝʚʽʨʢʫ ʘʜʝʢʚʘʪʥʦʩʪʽ ʤʦʜʝʣʽ ʚʠʢʦʥʫʶʪʴ ʚ ʜʝʢʽʣʴʢʘ ʝʪʘʧʽʚ [148]:  

1. ɿʥʘʭʦʜʠʤʦ ʜʠʩʧʝʨʩʽʶ ʘʜʝʢʚʘʪʥʦʩʪʽ 2

ʘʜ.S  ʧʦ ʬʦʨʤʫʣʽ 

( )ä
=

-
-

=
n

i

i yy
n

S
1

22

ʘʜ.
1

1
,  

ʜʝ y  - ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʰʫʢʘʥʦʾ ʚʝʣʠʯʠʥʠ, iy , ni ,1Í  ï ʚʠʙʽʨʢʘ 

ʟʥʘʯʝʥʴ ʰʫʢʘʥʦʾ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ, n ï ʯʠʩʣʦ ʧʘʨʘʣʝʣʴʥʠʭ ʦʧʠʪʽʚ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʚʠʙʽʨʢʠ ʟʥʘʯʝʥʴ ʰʫʢʘʥʦʾ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ. 

2. ɿʥʘʭʦʜʠʤʦ ʟʥʘʯʝʥʥʷ F-ʢʨʠʪʝʨʽʷ ʌʽʰʝʨʘ (ʜʠʩʧʝʨʩʽʡʥʝ ʚʽʜʥʦʰʝʥʥʷ): 

2

ʚʽʜʪʚʦʨ.

2

ʘʜ.

S

S
F = .  

3. ɺʠʟʥʘʯʘʻʤʦ ʢʽʣʴʢʽʩʪʴ ʩʪʫʧʝʥʽʚ ʚʽʣʴʥʦʩʪʽ: 11 -=mf , 12 -=nf . 

4. ɺʠʙʠʨʘʻʤʦ ʨʽʚʝʥʴ ʟʥʘʯʫʱʦʩʪʽ q (ʟʚʠʯʘʡʥʦ 05,0=q ). 

5. ʇʦ ʪʘʙʣʠʮʽ [148] ʧʦ ʟʘʜʘʥʠʤ ʟʥʘʯʝʥʥʷʤ , , q ʟʥʘʭʦʜʠʤʦ ʢʨʠʪʠʯʥʝ 

ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ .  

6. ʗʢʱʦ ʨʦʟʨʘʭʦʚʘʥʝ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ F ʥʝ ʧʝʨʝʚʠʱʫʻ ʢʨʠʪʠʯʥʦʛʦ 

(ʪʘʙʣʠʯʥʦʛʦ) , ʪʦʙʪʦ , ʪʦ ʤʦʜʝʣʴ-ʟʘʤʽʩʥʠʢ ʚʚʘʞʘʻʪʴʩʷ ʘʜʝʢʚʘʪʥʽʡ 

ʤʦʜʝʣʽ-ʦʨʠʛʽʥʘʣʫ. 

1f 2f

ʢʨ.F

ʢʨ.F ʢʨ.FF ¢
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ʇʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘʚʘʜʦʟʘʭʠʱʝʥʦʩʪʽ ʊʂ ʚ ʷʢʦʩʪʽ ʟʥʘʯʝʥʴ 

m, n, q ʦʙʨʘʥʽ , , , . ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʢʘʟʘʣʠ 

ʘʜʝʢʚʘʪʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʦʾ ʩʪʘʪʠʩʪʠʯʥʦʾ ʤʦʜʝʣʽ (ʪʘʙʣ. 4.3).  

 

ʊʘʙʣʠʮʷ 4.3 ï ʇʝʨʝʚʽʨʢʘ ʘʜʝʢʚʘʪʥʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʣʴʥʦʾ ʽʤʽʪʘʮʽʡʥʦʾ ʤʦʜʝʣʽ  ʜʣʷ ʟʥʘʯʝʥʴ 

10=m , 7=n , 05,0=q , 4,3ʢʨ.=F  

m 
 ɺʉʐ 

2

0h , ʜɹ 

0 0,2 0,4 0,6 0,8 1,0
 

1,2 1,4 1,6 1,8 2,0 2,2 

 
ʘʥʘʣ.BP  0,2 0,18 0,14 0,1 0,07 0,04 0,02 0,009 0,003 0,0016 0,000502 0,00021 

UMTSBP  0,17 0,12 0,11 0,07 0,03 0,02 0,07  0,004 0,0016 0,00041 0,000171 0,000038 

2 
ʘʥʘʣ.BP  0,22 0,18 0,11 0,11 0,06 0,02 0,022  0,0081 0,0031 0,00162 0,00051 0,00022 

UMTSBP  0,15 0,1 0,09 0,05 0,01 0,03 0,0081 0,0041 0,00164 0,000405 0,000171 0,0000405 

3 
ʘʥʘʣ.BP  0,18 0,17 0,16 0,13 0,05 0,03 0,021 0,009 0,0032 0,00161 0,000501 0,000205 

UMTSBP  0,19 0,11 0,11 0,06 0,02 0,01 0,007  0,00405 0,00161 0,00041 0,000162 0,000042 

4 
ʘʥʘʣ.BP  0,19 0,19 0,15 0,07 0,08 0,04 0,021  0,0089 0,00308 0,001605 0,000502 0,000202 

UMTSBP  0,16 0,14 0,08 0,08 0,04 0,02 0,00711  0,0042 0,00165 0,00041 0,000163 0,000044 

5 
ʘʥʘʣ.BP  0,21 0,16 0,16 0,11 0,07 0,05  0,02  0,009 0,00305 0,001602 0,00051 0,000201 

UMTSBP  0,18 0,13 0,13 0,09 0,05 0,02 0,0072  0,00401 0,00162 0,0004 0,000164 0,000045 

6 
ʘʥʘʣ.BP  0,17 0,2 0,16 0,09 0,09 0,05 0,019  0,0091 0,0031 0,00161 0,000525 0,00021 

UMTSBP  0,17 0,12 0,12 0,06 0,02 0,02 0,0079  0,0042 0,00161 0,00042 0,000165 0,000047 

7 
ʘʥʘʣ.BP  0,23 0,2 0,14 0,1 0,06 0,04 0,018  0,0092 0,003 0,001603 0,00051 0,000202 

UMTSBP  0,16 0,1 0,1 0,08 0,04 0,02 0,0086  0,0043 0,00172 0,00045 0,000175 0,0000505 

8 
ʘʥʘʣ.BP  0,2 0,19 0,15 0,13 0,07 0,03 0,02  0,009 0,00303 0,0017 0,000503 0,00022 

UMTSBP              

9 
ʘʥʘʣ.BP  0,2 0,18 0,14 0,08 0,08 0,025 0,0202  0,0091 0,0031 0,00162 0,000504 0,00021 

UMTSBP              

10 
ʘʥʘʣ.BP  0,18 0,18 0,13 0,01 0,067 0,05 0,02  0,009 0,0032 0,00161 0,00052 0,0002 

UMTSBP              

11 
ʘʥʘʣ.BP  0,18 0,18 0,13 0,01 0,067 0,05 0,02  0,009 0,0032 0,00161 0,00052 0,0002 

UMTSBP              

 

ʘʥʘʣ.BP  0,2 0,018 0,014 0,1 0,07 0,038 0,02  0,009 0,003086 0,001618 0,00051 0,0002 

UMTSBP  0,17 0,012 0,011 0,07 0,03 0,02 0,0074  0,00419 0,00163 0,000415 0,000167 0,0000438 

2

ʘʜ.S  3,51Ā10
-6 

1,567Ā10
-6 

2,5Ā10
-6 

3,797Ā10
-4 

1,34Ā10
-4 

1,18Ā10
-4 1,21Ā10

-6  
4,55Ā10

-9 
5,09Ā10

-9 
8,76Ā10

-10 
6,56Ā10

-11 
5,5Ā10

-11 

2

ʚʽʜʪʚʦʨ.S  3,51Ā10
-6 

3,51Ā10
-6 

3,51Ā10
-6 

3,51Ā10
-6 

3,51Ā10
-6 

3,51Ā10
-6 3,7Ā10

- 7
3,51Ā10

-6 
3,51Ā10

-6 
3,51Ā10

-6 
3,51Ā10

-6 
3,51Ā10

-6 

F 1,94 0,7 0,843 1,9 0,67 3,4 3,269  0,395 3,004 3,191 2,636 3,156 

 

10=m 7=n 05,0=q 4,3ʢʨ.=F
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ɺʠʩʥʦʚʢʠ ʟʘ ʨʦʟʜʽʣʦʤ 4 

 

1. ɼʦ ʥʦʚʦʛʦ ʥʘʫʢʦʚʦʛʦ ʨʝʟʫʣʴʪʘʪʫ, ʦʜʝʨʞʘʥʦʛʦ ʫ ʮʴʦʤʫ ʨʦʟʜʽʣʽ 

ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ, ʚʽʜʥʦʩʠʪʴʩʷ: 

ɺʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʧʽʜʛʦʪʦʚʢʠ ʧʝʨʚʠʥʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ 

ʘʜʘʧʪʠʚʥʠʭ ɹɿʇɼ.  

ʉʫʪʥʽʩʪʴ ʤʝʪʦʜʫ ʧʦʣʷʛʘʻ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʬʫʥʢʮʽʡ ʧʨʠʥʘʣʝʞʥʦʩʪʽ ʪʘ 

ʣʦʛʘʨʠʬʤʽʯʥʠʭ ʚʽʜʥʦʰʝʥʴ ʬʫʥʢʮʽʡ ʧʨʘʚʜʦʧʦʜʽʙʥʦʩʪʽ ʧʨʠ ʜʝʢʦʜʫʚʘʥʥʽ ʜʚʦʭ- ʪʘ 

ʪʨʴʦʭʢʦʤʧʦʥʝʥʪʥʠʭ ʪʫʨʙʦ ʢʦʜʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʜʦʤʦʛʦ ʘʣʛʦʨʠʪʤʫ Max Log 

Map. 

2. ɺʽʜʤʽʥʥʽʩʪʴ ʨʦʟʨʦʙʣʝʥʦʛʦ ʤʝʪʦʜʫ ʚʽʜ ʽʩʥʫʶʯʠʭ, ʱʦ ʚʠʟʥʘʯʘʻ ʡʦʛʦ 

ʥʦʚʠʟʥʫ, ʧʦʣʷʛʘʻ ʚ ʟʙʽʣʴʰʝʥʥʽ ʤʽʨʥʦʩʪ̔ ʧʨʦʩʪʦʨʫ ʢʦʜʽʚ ʪʘ ʟʘʚʘʜ, ʘ ʪʘʢʦʞ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʥʦʚʠʭ ʘʥʘʣʽʪʠʯʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥ ɹ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʩʝʨʝʜʥʴʦʾ 

ʡʤʦʚʽʨʥʦʩʪʽ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʘʨʘʤʝʪʨʽʚ ʟʘʚʘʜ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥ ̔

ʪʨʴʦʭʢʦʤʧʦʥʝʥʪʥʦʛʦ ʪʫʨʙʦ ʢʦʜʫ. 

3. ʈʦʟʨʦʙʣʝʥʠʡ ʤʝʪʦʜ ʟʜʽʡʩʥʶʻ ʘʜʘʧʪʠʚʥʠʡ ʚʠʙʽʨ ʩʪʨʫʢʪʫʨʠ ʪʘ ʧʘʨʘʤʝʪʨʽʚ 

ʢʦʜʽʚ ʚ ɹɿʇɼ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʟʘʜʘʥʽ ʧʦʢʘʟʥʠʢʠ ʜʦʩʪʦʚʽʨʥʦʩʪʽ 

ʽʥʬʦʨʤʘʮʽʾ ʚ ɹɿʇɼ, ʧʨʠ ʮʴʦʤʫ ʝʥʝʨʛʝʪʠʯʥʠʡ ʚʠʛʨʘʰ ʢʦʜʫʚʘʥʥʷ ʟʘ ʨʘʭʫʥʦʢ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʨʴʦʭʢʦʤʧʦʥʝʥʪʥʦʛʦ ʪʫʨʙʦ ʢʦʜʫ ʩʢʣʘʜʘʻ 0,8 ʜɹ. 

4. ʇʝʨʝʚʽʨʝʥʘ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʥʘʫʢʦʚʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʰʣʷʭʦʤ 

ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʚʦʜʠʣʘʩʴ ʚʠʭʦʜʷʯʠ ʟ ʜʦʩʪʦʚʽʨʥʦʩʪʽ a = 0,95  

(  = 1,95), ʚʽʜʥʦʩʥʦʾ ʪʦʯʥʦʩʪʽ d = 0,1. ɿʙʽʞʥʽʩʪʴ ʪʘ ʘʜʝʢʚʘʪʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ 

ʥʘʫʢʦʚʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʝʨʝʚʽʨʝʥʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʨʠʪʝʨʽʶ ʌʽʰʝʨʘ. 

ʆʩʥʦʚʥʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ, ʦʪʨʠʤʘʥʽ ʚ ʮʴʦʤʫ ʨʦʟʜʽʣʽ, ʦʧʫʙʣʽʢʦʚʘʥʽ ʫ 

ʩʪʘʪʪʷʭ [60, 63, 64], ʫ ʪʝʟʘʭ ʜʦʧʦʚʽʜʝʡ ʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ 

[67].  

 

 

at
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ɺʀʉʅʆɺʂʀ 

 

ʋ ʜʠʩʝʨʪʘʮʽʾ ʧʨʝʜʩʪʘʚʣʝʥʝ ʥʦʚʝ ʨʽʰʝʥʥʷ ʥʘʫʢʦʚʦʾ ʟʘʜʘʯʽ, ʱʦ ʧʦʣʷʛʘʻ ʚ 

ʟʘʙʝʟʧʝʯʝʥʥʽ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʚ ɹɿʇɼ ʟʘ ʨʘʭʫʥʦʢ ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʽʚ ʥʘ 

ʦʩʥʦʚʽ ʘʜʘʧʪʠʚʥʦʛʦ ʢʦʜʫʚʘʥʥʷ, ʷʢʽ ʫ ʩʚʦʾʡ ʩʫʢʫʧʥʦʩʪʽ ʫʪʚʦʨʶʶʪʴ ʥʦʚʫ 

ʽʥʬʦʨʤʘʮʽʡʥʫ ʪʝʭʥʦʣʦʛʽʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ. ʆʩʥʦʚʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʪʘʢʽ: 

1. ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ 

ʽʥʬʦʨʤʘʮʽʾ ʚ ʫʤʦʚʘʭ ʘʧʨʽʦʨʥʦʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ, ʘʥʘʣʽʟ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ɹɿʇɼ, 

ʷʢʠʡ ʧʦʢʘʟʘʚ, ʱʦ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʢʦʤ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʚ ʫʤʦʚʘʭ ʘʧʨʽʦʨʥʦʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʘʜʘʧʪʘʮʽʾ ʢʦʜʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʪʫʨʙʦ ʢʦʜʽʚ. 

2. ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʚ ɹɿʇɼ ʥʘ 

ʦʩʥʦʚʽ ʘʜʘʧʪʘʮʽʾ ʨʽʟʥʠʭ ʢʦʜʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʟʘʜʘʥʽ 

ʧʦʢʘʟʥʠʢʠ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʘʨʥʠʭ 

ʦʧʝʨʘʮʽʡ ʮʠʬʨʦʚʠʭ ʩʠʛʥʘʣʴʥʠʭ ʧʨʦʮʝʩʦʨʽʚ ʧʨʠ ʮʠʬʨʦʚʽʡ ʦʙʨʦʙʮʽ ʢʦʜʦʚʘʥʠʭ 

ʜʘʥʠʭ.  

ɺʽʜʤʽʥʥʽʩʪʴ ʨʦʟʨʦʙʣʝʥʦʛʦ ʤʝʪʦʜʫ ʚʽʜ ʽʩʥʫʶʯʠʭ, ʱʦ ʚʠʟʥʘʯʘʻ ʡʦʛʦ 

ʥʦʚʠʟʥʫ, ʧʦʣʷʛʘʻ ʚ ʟʘʩʪʦʩʫʚʘʥʥʽ ʨʽʟʥʠʭ ʟʘ ʩʪʨʫʢʪʫʨʦʶ ʟʘʚʘʜʦʩʪʽʡʢʠʭ ʢʦʜʽʚ, ʚʽʜ 

ʙʽʣʴʰ ʧʨʦʩʪʠʭ ʜʦ ʙʽʣʴʰ ʩʢʣʘʜʥʠʭ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ-ʰʫʤ ʚ 

ʢʘʥʘʣʽ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʜʘʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʦʩʪʦʚʽʨʥʦʩʪʽ 

ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʝʣʝʤʝʥʪʘʨʥʠʭ ʦʧʝʨʘʮʽʡ ʮʠʬʨʦʚʠʭ 

ʩʠʛʥʘʣʴʥʠʭ ʧʨʦʮʝʩʦʨʽʚ ʧʨʠ ʮʠʬʨʦʚʽʡ ʦʙʨʦʙʮʽ ʢʦʜʦʚʘʥʠʭ ʜʘʥʠʭ ʥʘ 39-46 % ʫ 

ʚʠʧʘʜʢʫ ʚʧʣʠʚʫ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʥʘʚʤʠʩʥʠʭ ʟʘʚʘʜ ʧʨʠ ʟʤʽʥʽ ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ-

ʟʘʚʘʜʘ ʟ 6 ʜʦ 1 ʜɹ. 

3. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʦʙʯʠʩʣʶʚʘʣʴʥʠʡ ʤʝʪʦʜ ʥʝʯʽʪʢʦʛʦ ʜʝʢʦʜʫʚʘʥʥʷ ʙʘʛʘʪʦ 

ʢʦʤʧʦʥʝʥʪʥʠʭ ʪʫʨʙʦ ʢʦʜʽʚ ʚ ɹɿʇɼ, ʷʢʠʡ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʥʘʷʚʥʠʭ, ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʬʫʥʢʮʽʾ ʧʨʠʥʘʣʝʞʥʦʩʪʽ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʧʝʨʝʭʽʜʥʠʭ ʨʝʢʫʨʩʽʡ ʪʘ ʣʦʛʘʨʠʬʤʽʯʥʠʭ 

ʚʽʜʥʦʰʝʥʴ ʬʫʥʢʮʽʡ ʧʨʘʚʜʦʧʦʜʽʙʥʦʩʪʽ ʫ ʘʣʛʦʨʠʪʤʘʭ ʜʝʢʦʜʫʚʘʥʥʷ ʪʫʨʙʦ ʢʦʜʽʚ. 
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ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ ʟʘ ʨʘʭʫʥʦʢ ʚʧʨʦʚʘʜʞʝʥʥʷ ʬʫʥʢʮʽʡ ʧʨʠʥʘʣʝʞʥʦʩʪʽ 

ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʟʘʜʘʥʽ ʧʦʢʘʟʥʠʢʠ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʧʽʜʚʠʱʠʪʠ 

ʝʥʝʨʛʝʪʠʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ɹɿʇɼ ʥʘ 0,2ï0,8 ʜɹ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʽʜʦʤʠʤʠ 

ʤʝʪʦʜʘʤʠ. 

4. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʧʽʜʛʦʪʦʚʢʠ ʧʝʨʚʠʥʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʘʜʘʧʪʠʚʥʠʭ 

ɹɿʇɼ, ʷʢʠʡ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʥʘʷʚʥʠʭ, ʟʙʽʣʴʰʫʻ ʤʽʨʥʽʩʪʴ ʧʨʦʩʪʦʨʫ ʢʦʜʽʚ ʪʘ ʟʘʚʘʜ, 

ʘ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʻ ʥʦʚʽ ʘʥʘʣʽʪʠʯʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʩʝʨʝʜʥʴʦʾ 

ʡʤʦʚʽʨʥʦʩʪʽ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʘʨʘʤʝʪʨʽʚ ʟʘʚʘʜ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʪʨʴʦʭʢʦʤʧʦʥʝʥʪʥʦʛʦ ʪʫʨʙʦ ʢʦʜʫ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ ʟʘ ʨʘʭʫʥʦʢ ʚʧʨʦʚʘʜʞʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʥʦʚʠʭ 

ʘʥʘʣʽʪʠʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʧʘʨʘʤʝʪʨʽʚ ʟʘʚʘʜ ʜʦʟʚʦʣʷʻ 

ʟʘʙʝʟʧʝʯʠʪʠ ʟʘʜʘʥʽ ʧʦʢʘʟʥʠʢʠ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʚ ɹɿʇɼ, ʧʨʠ ʮʴʦʤʫ 

ʝʥʝʨʛʝʪʠʯʥʠʡ ʚʠʛʨʘʰ ʢʦʜʫʚʘʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʨʴʦʭʢʦʤʧʦʥʝʥʪʥʦʛʦ 

ʪʫʨʙʦ ʢʦʜʫ ʩʢʣʘʜʘʻ 0,8 ʜɹ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʚ ɹɿʇɼ.  

ʈʝʟʫʣʴʪʘʪʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʽʜʪʚʝʨʜʞʝʥ̔ ʚʽʜʧʦʚʽʜʥʠʤʠ ʘʢʪʘʤʠ. 
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ɺʽʜʦʤʦʩʪʽ ʧʨʦ ʘʧʨʦʙʘʮʽʶ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ 

 ̄

ʧ/ʧ 

ʅʘʟʚʘ ʟʘʭʦʜʫ (ʢʦʥʬʝʨʝʥʮʽʾ, ʩʠʤʧʦʟʽʫʤʫ, 

ʩʝʤʽʥʘʨʫ, ʢʨʫʛʣʦʛʦ ʩʪʦʣʘ) 

ʄʽʩʮʝ 

ʧʨʦʚʝʜʝʥʥʷ 

ɼʘʪʘ 

ʧʨʦʚʝʜʝʥʥʷ 

ʌʦʨʤʘ 

ʫʯʘʩʪʽ 

1.  

ʍɯʍ ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ 

ʢʦʥʬʝʨʝʥʮʽ ̫ çɹʝʟʧʝʢʘ ʽʥʬʦʨʤʘʮʽʾ ʫ 

ʽʥʬʦʨʤʘʮʽʡʥʦ-ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ 

ʩʠʩʪʝʤʘʭè. 

ʤ. ʂʠʾʚ 25ï26.05.2017 ɿʘʦʯʥʘ 

2.  

ɼʚʘʥʘʜʮʷʪʘ ʤʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-

ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çʄʘʪʝʤʘʪʠʯʥʝ ʪʘ 

ʽʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʩʠʩʪʝʤ. ʄʆɼʉ 

2017è. 

ʤ. ʏʝʨʥʽʛʽʚ 26ï29.06.2017 ɿʘʦʯʥʘ 

3.  

ʅʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽ ̫

çɯʥʬʦʨʤʘʮʽʡʥʦïʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʽ ʩʠʩʪʝʤʠ 

ʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʢʽʙʝʨʙʝʟʧʝʢʘ: ʥʦʚʽ ʚʠʢʣʠʢʠ, 

ʥʦʚʽ ʟʘʚʜʘʥʥʷè. 

ʤ. ʂʠʾʚ 19ï20.11.2019 ɿʘʦʯʥʘ 

4.  

ʍVɯɯ ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ 

ʢʦʥʬʝʨʝʥʮʽʷ çʉʫʯʘʩʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ 

ʪʝʭʥʦʣʦʛʽʾ ʫʧʨʘʚʣʽʥʥʷ ʝʢʦʣʦʛʽʯʥʦʶ 

ʙʝʟʧʝʢʦʶ, ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷʤ, 

ʟʘʭʦʜʘʤʠ ʚ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʷʭ: 

ʘʢʪʫʘʣʴʥʽ ʧʠʪʘʥʥʷè. 

ʤ. ʂʠʾʚ 01-02.10.2019 ɿʘʦʯʥʘ 
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